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ABSTRACT

Ihatcom Coimty is on th© international border in the extreme north 

western part of the State of Washington. The western pert ef the county   

is a lowland area .of about 3SO square mlcii that extends eastward froia 

Fuget SoAind to the footliills of the Cascade? fountains* The 

area, knusm as the 7;hatco5i B^sin, consists of loir, glacially smoothed. 

till plains rising to an altitude of 200 to 600 feet above broad river 

valleys to which they are connected by gentle slopes and. terrace lands. 

'?he major drainage sj-3tea in the area is that of the Foo&sack River; some 

scalier stream drain local degressions.

The firea has an equable oceanic climate. The precipitation is about
^>

3k inchesj, occi^rring mostly as rain in the winter months.

The lowland is underlain largely tjjr imeonsolidsted deposits of Pleis- 

vocene and Recent age. The bedrock that cosmoses the foothills of the-
  '' .

'-    ' "    ' '<

Cascade Kounteins protrudes through the unconsolidated i^aterial in a fear 

places around the margins of the Iceland. Tlieae consolidated rocks are 

indxrrated continental-type sediioentary rocks of lower Eocene ago and coiisist 

of sandstones, shales, conglonorates, and coal having a total thickness 

of acre tlian 10,000 feat. The Tortiary rocks are underlain by pre~Tertiary 

iaetacK>rph3.c recks that are exposed at a £enr places in wast»em Whatcoa County.

Prioi1 to the fathon glac5,ation in lata Ploistocene time the Puget 

*?ro«gh wap f L13.ed to a pcint noi^ abora se^ Iev3l vith clays, sands, and 

fjio^e source ^7^3 probsb3.y the "xi'dsi-ing mountain ratiges. Subss- 

i.V.esa unconsolidated deposits -r'?.r - deeply entrenched "by



Tfaa Vashon ice advanced ir»to and over these Icirland plateaus &nd gorges, 

diverted the drainago, deposited advaaco ouford&h itat^rial, tnd u3.tiiw.tely 

covered the entire northern part of the Puget Trough* At the close of the 

Pleistocene epoch ih« wasting ica deposited a groufcd-^or^ine mantle

of till. The a^elinsatsrs froia the retre^tiDg ICQ rsrorJfed the tiH in tho
i 

river \-a.l3.S3ra or covered it irith sediments., and dapooited Isrge amounts

of otxt???..??'1 STi"*'*! r'Y*<3.vPk5.f?. s^nrf rOav? oi«-*" ''  <  ? "> i.y». ths Ic??l2.r:d. The till ~ 

mantles the upland areas that TQTQ tho pre ¥aelion intor-gcrge jjlateaiia. 

?3se:it allxriu-s. ncrr covers much of the valley i'loors*

The -pater-bcsriJig characteristics of bhe pre-Tertist?4;/ B.9tatoorphic rocks 

ara imloxr^n, but they probably are capable of jdelding little or no iFatsr. 

the ies? ps^incsblG becls of the tertiary sedimentary rocks c-urry email amounts 

of fresh Titer where recharge and drsanaga bavo baan adequate to flusyt oat : 

the salir.s or other kigh3y minerrilis-sd n-atsr consaonly foiind in the fo^Esation
.\, -- *"

: ? fraah T^at^r is found in the coarse-brained strata of the pre-tfasaon . 

;Q S ?10istocen2 deposits. Advsncs outt;ash gravels of the ?&sho£ glaciation
-,;./ ; . \K':lKS .-  ..;: '   i -.-   . _ "

; are Iffl5>ortint» aquifers *Ji several p.irt3 of bhs area 5 they are the principal 

deep sourc* of ground ^'ator j./i ircst&rii \7hat,ccsi County, %\\e till is 

JU^>oria8Sbl3 gjvd yields only siaall tuiounts of perched iFatQi*. The coarse 

grained strata in tbe recessional ouiisa&h deposits and Rocent allirriuia 

yield siods^sle to large amounts of ifatar. 

v^-; 15ie <;rov.nd v^ateis fere g s:isr&!L\y cf good quality and l-3» hardness.

Iron is t.iD moot co-aicn objsc^.ionable- c^n;3tltusrit, though It is confined 

chiefly to tl«e i/ccfJEPiousl ou^c.-?«h a:ud '"so-j-cii; ^D-U^ial c>.pa£lt-3. At- tjcisa 

places in >hc riooh%£c5c snd Su::3S River tl<x»;\ ;>Jaiu3, snllno eater hss boon 

foiind j?t d^otbu of 1-0 f^et or wore Ln rao rloistoceno aj;d E'3ce.it dspoaits.



Ground iwater furnishes the principal domestic, industrial, and   

public isater mipply for -pestem Tftiatcorj Count./ outsida th© cfty of 

Belliftghaau An estimated 15 COO acres of farm land aro irrigated with gronnd 

water. Approximately 3,000 dug -srells, U?5' drilled wells, 300 driven irslls, 

and 100 springs yield about 6^ gi.llion gallons of trater per d.ay.

Water ;*i»crt arasu sro found chief3.^ in p:-.?ts of tbe upland areas . 

rrhere peru^eablc strata ere licking i:r IPTICI-C tha till cappimj prevents 

n.dsc[ue.te recharge, and in arsas where the Tertiary rocks lie at shallow 

depth b@ti££&h ct.her :xaterial3 of ICT; pcomcc.bility.
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Ground-vater resources of Tsestom "^istcom County, Washington

Purpose ^gJEffg^g^fif ex

This 3tuc$' ws3 oade as part of tins continuing progrs.ni for the 

collection and interpretation of tha facts bearing on the grourd-^ater 

supplj oi" t-'ie State of lrstldr;jbon. It mo ^ila in cooperation \.dth the 

Supervisor of hydraulics of the Doprxtiiant of Conservation and DerelcpRdnty 

for the pvrpose of pro/idinj mi inrontory of tie groujidHns-tor resources of 

western T/L^:OSCH County In orsos* t.o i\±d in -cJ::tiir developfflsr^ and 

adoinistre&iain.

The surface gsolo/^y of a part of the area ^as itapped geologically 

in 193U ty a p£.rty iindsr the Ifashirgton State SiK>eiirisor of Goology, who 

jaade their maps and notes available for this investigation. The mapping 

isas colleted by R. C. Heircomb and J. E. Sce^a in the winter and spring 

of I^li9-
V

The collection of hydrolo^ic da.ta was undertaken by W. H. Schlsx, Jr-, 

and Olaf StroEi;3 in the suasnsr of l^U? and -$3.3 coa^leted by Kr. Stronnas 

in the ociaicer of 19^8. The report iras co2$>let,ed Ijy Kr» Scera in 

the spring of I9h9>

rip-itbl ishod 3'ccorda 
ct to ro^n'-'dcTi



Location and eirbent of the a

County is on the interr\£.ticnal bordor in the extreme 

northprestfjra part of the Stato of Washiru/ton. The portion of tha 

county covered try this investigation eribraces an area of approximately 

380 square miles comprising iorjasbipe 33 to )40 Korth and tha area -rest 

of, and including most of, Rsjrige h Kast. It i'3 a lowland area that 

extends from Puget Sound on the ?rest to the foothills of tho Cascade 

Mountains on the east. Toe location of tha araa is sho?n on plate 3. 

The principal city is 3sllin?hzi?t, population approodiratoly 30,000 

(19UO census), located at ths southwestern edge of the basin.

Tha 3.owland area of western Whatcoui County is variously kncsm 

locally B£ the Bellinghaia Basin, the Hooksack lowland, and the Whatcom 

Basin. Tfc.e lc??l£,nd is continuous ^rith the Fraser River lowland just , 

to the no*th in British Coluaibia, and the ^iiole is scsetisoas broadly 

termed the Fracer River lowland or ndelta. w

The Trell cmTiers and operators ^ere« all considerate and helpful. 

Special ackjioirledgjsest for gonerous help is given to tho well drillers 

 who have cperated i.n tJie areaj they all contributed freoly from their 

stock of sccwBtJ^ted irLxorcation. "These include C. F. Idveiraore and 

Son, W. Eadkc  .nd Son, 0« A. Bc'-aona and Son, G. Golden, A. Killard,

. J. Tillr/.

Ur^ubliehed records 
t to revision
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Well-rrunbering {s

In this report, wells arid springs are designated by symbols that 

indicate their respsctivo locations &coording to the official rectangular 

public-land survey. For esasple, in the sysbcl liQ/3-27Jl, the part 

preceding the hyphen indicates successively the tcrrnship and range; 

because the greater part of tho area lies irithin the northeast quEdraiit 

of the I'illamex.bra b^ss line £.nd msricdnn, iihs directions (north and 

ccst) aro onit^^d. fcfasre the -Rsll or apring is located tritliin the 

nortbrssfc quadrant, 'the letter *3* :.s ;idd?,dj for os2Kpl«, 3P/1TT-3E2* 

The first nnsber that fcllorrs tho hj'phon indicates the section and the 

latter indicates a UO-acre subdivision of the section as sho?.Ti in the 

follotring diagraa:

D

S

M

H

C

F

L

P

B

G

X

Q

A

H

J

R

The last rruiuJer is the rerial nu.ibor of tha- r;sll or spring in the 

particulfiT liO-Ci^ro traeb. Thus, v.ell ).0/3-iMl is in tho !TBj;SS-J sec. 

27, T. b.O H., H, 3 EC, ai-.d ±3 tLi flrsl ^cll ii the tract to ba lieted.

Unpublished records 
sv.bject to



QEOGR^PRT 

Physiography 

General

part of Whatcom County covered by this investigation, called 

the Wbatcom Basin in this report, lies entirely trithin the Puget Trough 

section^/ of the Pacific Border physiographic province. The Puget Trough

/ Fenneiaan, N. M., Physiographic division of the United States t 
AssocT Anu Geographers Annals, vol. 6, p. 9$> pi. I, 1917»

section is a long north-south lowland lying just trest of the Cascade 

fountains of Oregon and Washington. On the west it is bordered ty the 

Olysrpic Uountaina and the Oregon Coast Ran^e. The northern part of the 

trough in tho United States is partially submerged bslcw sea level in 

Puget Sound.

In general, the Whatcoa Basin consists of low, glacially smoothed 

upland till plains rising to an altitude of 200 to 600 feet above broad 

river valleys to rrhich they are connected by gentle slopes and terrace - 

lands. The Cascade Mountain foothills rise rather abruptly in till-smeared 

slopes to a height of 3,000 feet or more overlooking the basin.

The Whatcoa Basin is drained by one through streaa, the Kooksack 

River, and ty several creeks that drcdn local depressions.

Uplands

The highest areas of the TThatcom Etesin, not counting tho adjacent 

foothills, are the low plateaus or uplsndo. Those ai'eas KS.VQ tho smoothed 

surfaces cows only called till pi: -.Ins, The su.^aco relief varies from

lcy, rolling nor?.ii!3 fcc: - ^ra^iiy to nr.arly L.'vai l?>.r,d li^viK^ gorrfcle

aud fells. T'iif- up'ic.ad cxir^cis QTQ fcrr^-d principally of till 
deposited Trciu tlie Tc^hon ^l^oicr. Jj; placoo oui'vTash trains or lake -bed

t£irublle!:ed records 
k ^-:bsict to i: evi£:lon



deposits are present en the till surface; in some other places ridges 

of the pandstone bedrock protrude.

There are four principal las plateau areas in the Hhatcoa Basins the 

( small peninsular area southwest of Blaine, herein called the Birch Point 

upland; the larger area extending 10 idles eastward froa Bl&ine and across 

the boundary into Canada, herein called the Boundary upland; the large area 

just Treat of Ferndsle, cosconly called the fountain View upland; and the 

broad area extending northward from Bellingham to the Kooksack River Valley, 

herein called the King i&uutain upland. A fifth such area, the Lucsii 

peninsula upland, between Loissi and Bellingham Bays, is treated only 

briefly herein.

The Birch Point upland ccoprises only about h square miles. It is 

bounded on three sides by steep sea cliffs a hundred feet or so in height, 

cut by the waters of Puget Sound. The upland rises in altitude to a <_ 

saslwruia of about 265 feat. A thin layer of glacial till underlies

the surface* ' -i
 

The Mountain View upland is a diamond-shaped plateau block that 

embraces an area of about 1)2 square miles. Its surface is formed by &

nusber of low, rolling hills that rise to a  uMrtfai.Mi altitude of 385 feet.
t

Tlds upland is bordered on the vest ty Georgia Strait of the Puget Sound

system. Along this margin steep sea cliffs drop frcia the upland surface
(^
V> to the beach. Along the northeastern and southeastern margins of the

upland the surface descends to the lorr-lcvel flood plains of the Gutter 

Trough and the Hcoksack River, respectively.

Unpublished records 
subject to revision



The surface of the fountain View upland in most places consists of 

glacial till. This tiH is erposed along the sea cliff and in sosie of 

the road cuts in the area. A geologic section compiled from drillers 1 

well logs (see pi. 6) shors the asjiner in vhich the till is draped over 

the upland. In places a thin cover of outrash gravels mantles this till 

surf sea {see pi. 8, A). Hucs&ocky morainal topography (see pi. 7, A) is 

typical of a large part of this upland. Kany large glacial erratic 

boulders lie on the surface and have been gathered along fence roers of 

the cultivated areas. The relatively ispemeaule till surface supports 

several esracps and a lake having an area of about 0«$ square oile» The 

Mountain View upland, like the other low plateaus, was forest/ed in its 

native condition but is now aostly cultivated. It is dry during most 

summers and additional water is needed for irrigation.

The Boundary upland is about 10 miles long and 3 miles wide in 

Tthatcoa, County but is part of a larger upland extending 10 soiled into 

Canada to the Hicoaiakl River. Its surface rises to a mxinaia altitude 

of nearly 500 feet. It is a smoothly rolling, stony till surface, forxaerly

covered by timber but now cut over and taken by thick brushy growth.  *+

The King fountain upland is a rolling till surface that rises from 

the 100-foot altitude of the Kooksack Valley outwash and alluvial plains 

to 5>00 feet or nore where the till laps up on the slopes of the Cascade 

foothills. Knobs and ridges of the consolidated rocks of Tertiary age 

protruflo through the i:ncon?-oli<Jatcd dopocitu on this p3.ate.iu elope. It 

consists about equally cf cut-over: brushlMii and cultivated fsrra land.

Uipublishcd recorda 
subject to revision



Lowlands

The lowlands or bottoa lands of the Khatcom Eacin consist largely 

of the Sooksack River flood plain and two branching lotrlands   the 

Custer Trough leading northwest to Brayton Harbor and Birch Bey and the 

Suaas River Trough leading northarard into Canada and the Eraser Elver 

drainage. Also included in the lowland area is that broad terrace known 

as the T^padon terrace, .extending irestsrard from the Susias River Valley to 

the Boundary upland and southward to the Hooksack and Custer Trough bottom 

lando. These lowlands are mostly "flat" plains with the soft, dark 

alluvial soils characteristic of present or forcer flood plains. In 

general, the lowlands lie below 100 feet in altitude, but the Lyndan 

terrace reaches as high as l£0 feet or more.

The Sumas River Valley doubtless vas used in late glacial tine by 

the Fraser River, but more recently has been used aa a northward dis- '. 

tributary of the Nooksack River. The Xynden terrace is built of fine 

grained glacial outarash deposits, which grade gently southeastward to the 

level of the out^ash materials that in part floor the Cuater Trough and 

follow as terraces alongside the lower plains of the Hooksack River* 

Extensive till plains in the lower part of the Ouster Trough indicate 

that the glacial Eeltwaters did not use that outlet for long and probably 

had shifted to the Ncoksack River Valley and cut bolcw the Custer Trough 

level before glacial melting ceaoed.

Unpublishsd records 
subject to revision



Slopes »

The connection between plateau surfaces and the bottom lands is 

characteristically a rolling till slope, though in places cutwash or 

alluvial terrace deposits lie at the surface* iforthvest of Ferodalo a 

co&plex rough slope oesos to indicate a recessional Ktoraina* AU slopes from 

plateaus to bottom lands are essentially constructional, but erosion has 

steepened then in a few places, euch as near the spring outlets on the south 

side of the Boundary upland.

Drainage

The Hooksack River and its tributaries fora the cajor surface drainage 

system in IHiatccm County. This river rises in the snow fields end glaciers 

of the Cascade Mountains and flews across the lowland area in a brood arc 

that swings around the King Mountain upland. Gege records at Doming, just 

east of the Whatcoa Basin in the Van Zandt quadrangle, show that the river
f f

flcrv ranged from 560 to lli,UOO cubic feet per second in the more or lees 

normal water year of 1936 (October 193$ through September 1936)* The 

river leaves the mountain front at the east edge of the basin with a

gradient of about 10 feet per ndle, irhich increases to about 20 feet
i 

per ndle near the small tovn of Lawrence and then decreasea gradually

to but k or 5 feet per mile from lynden to the area where the river 

distributes oyor dalta lands south of Ferndale*

8

tfnpublished records 
t to revision



The plateaus arid upland slopes are drained tj snail creeks. Those creeks 

that aro perennial are fed by springs or froai lake storage; most of those 

not eo favored are interoittent. The Bunas Elver drains the -rest slope of 

Stnsas fountain and flows northeastward from the Hooksack Yalley to Join * 

the Frasor River in British Columbia. It has a low gradient generally in 

the order of ? feet per adlfi in the part trithin Whatcoa County. Johnson
x'

Creek, its main tributary, drains the east end of the I^rnden torracs. 

California Creek and Dakota Creek drain respectively the south and north 

slopes of the Ouster Trough. Kuch of their flow cooies from springs emerging 

there. Tensile, Andereon, and Squalicua Creeks drain the King Mountain 

upland, TensnMe Creek having especially strong spring sources. Pishtrap 

and Bertrand Creeks drain the runoff and ground-water discharge from 

the central arid western parts of the lynden terrace.

It is reported that several times within the past 60 years water from 

the Hooksack Eiver, during times of flood, has left its channel between; 

the tosms of Lawrence and Evcrson and flowed northeastward into the Sinaas 

River, which parallels the Kooksack River for several miles in this area* 

During ons flood, waters from the Sooksack Eiver were reported^/ to hav»

J Rciland, K. 0., Water utilisation in the Kooksack River, Washington! 
P. S.ISeol. Survey inter degartsiontal re^>t. (samsogrsphod),

backed up west of the teem of Evcrson and flowed northward into the drainage 

of Johnson Creek.

Clisrata

The western part of the IsThatcou lovrl^nd, bsing situated on the floor 

of the Pngct Trough and ii'.'ir the western n«-gin of the rain bolt produced

bj the Cs.3cade i:ou?itains , h=s ^n equr.ble oceanic clir^to* Extreme 
atur&s are unco/'^on a;od precipitation is moderate. Tha winds are gcntl* 
and predonD nant3y fxvo3 tho south-eest.

Uripublished records 
9 subject to revision



The precipitation occurs largely aa rain, predominantly in the late 

autumn and winter months* An average signal precipitation of 33-60 inches^/

J V* S. Weather Bureau records.

was recorded at a weather station 2 idles north of the city of Eellingham 

for the period l°ll-ltQ. Plate h shears a graph of annual precipitation for 

that period. The driest month is July, for which the average precipitation 

has been 0.88 inches for the 38-year record at Eellinghart (2 istles north), 

The wettest month is December, T7hich has had an average of 13*32 inches of 

precipitation. Plcte 5> sho^s the i&?jdisma and minimus limits of monthly 

precipitation aud the over-all monthly average for the years 19H-U8. 

These averages should be About representative for all of western TShatcoa 

County. The amount of precipitation increases to the east where cooling 

air masses rising over the Cascade Mountains lose their moisture In the
r

form of rain and snow. . *

The mean annual temperature for western Whatcoa County is about 1$° f. 

Records from five weather stations co&piled to 1930 show the following 

average temperaturesi 50.1° F. at Bellingham, 1|8.7° F. 2 udles north of 

Bellingham, 1*9.8° F. at Marietta, W.U° F. at Blaine, and W.U° F.at 

Claarbrook. July usually has the highest average monthly teaporature; the 

averages froa the sane five weather stations show it to bo about 6l.£° F. 

December has the lowest average sontbly temperature, the average being 

about 36° F*
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The growing season at^raged about 1U5 days at Bellinghazs for a 21- 

year period to 1930. The average data of tha last killing frost in the 

spring was May 13, and the average earliest killing frost in tho autipn 

vas October 15>. The latest date rocordad for a killing frost in the spring 

during the period was June 19, and the earliest date in the mitunn vas 

September 8.

The s)?y is generally cletr in the gr erring season and cloucjy or over 

cast during the winter nonths. Records ahos that for the 10-year period 

1938-lt7, the station 2 clles north of Bollingham hsd an average of 1U8

clear days, 62 partly cloudy dcys, ard 1^5 clouc^r dsya. tlio weather «
station at Clearbrook recorded the f olloid.ng averages for the saae period* 

clear days, 6Ji partly cloudy days, and 166 cloud^ dsys.

Culture and Industry

In its native condition Trhatcoia County supported a forest of fir,' 

cedar, and hemlock. The forest of the lowlands ma the best of nat5^r® tinbsr*

It has been entirely cut over and has since largely given way to cultiva-
  

tion and mste brush land.

Agriculture furnishes the chief source of livelihood for a large 

portion of the rural population cf western Fnatcom County. Dairy farming 

is one of the cost important activities, though the raising of various 

kinds of berries iiae nearly equal importance. Other iirportwit agricultural 

products of ths county include beof cattle, e.^eds, bulbs, and vogatablos. 

It is the consensus tfevb propor applic&^ic-ri of atcxit 1 foot of irrigation 

jator ̂ ill double the yield of ;.;:>3t ou- nsr ?a;d fall crc/p3 a?:d greatly 

exceed that benefit en soro of tho pcature l-?ncl3.

n
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Lumbering is by far the most icportant nonagricultural industry in 

the county. Timber from the forests of the Cascade Mountains and other 

areas goes into the production of lunbsr, plywood, pulp for use in paper 

and rayon mills, and isany other tisber products.

Goal occurring in the Tertiary strata beneath Bellingham and the 

area to the north has, in the past, supported ecveral active mines. Coal 

production from this area for use in home and industry has been carried 

on for the better part of a century.

The canning and processing of agricultural products, the fishing 

industry, and the tourist business furnish a means of livelihood for 

a large group of people within the county.

12
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GEOLOGT 

Oepgral

tJnconsolidatod deposits of Plsistocens and Recent age underlie nost 

of the Iceland arcs, of restorn Bhatcom County. These deposits consist of 

bedded sands, clays, end gravels 85 ^oll aa glacial till, and, so ffer as 

knorm, wsre laid dora upon an erosion surface of considerable relief cut 

in the folded sandstones, shales, and congloiasrates of the Tertiary 

sodi&sntary rocks. Eight jailes or oo southeast of Bellingham the pre- 

Tertisry Ects.i^orphic rocks, upon T.hich the Tertiary rests unconforanbly, 

can be seen passing uest^ard benssth the basal conglooorate of those 

sedimentary strata.

Deacription of the rock units 

Pre-Tertiary xaetaaorphic rocks

The older meteor phi c rocks are exposed in only a fear places in 

western 'Kh&tcon County* Several -windows eroded through the Tertiarjr 

occur on the Treat slopo of Susas fountain. These idndosrs are not shown 

on plate 2 but are kncrm to occur in sec. 2, T. 39 B., R. U E., and seo* 

3$, T. 2iO H., R. U E. The Tertiary rocks in,both places are underlain 

by d£rk-gn?en peridotite, probably a metamorphosed basic lava.

13
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Hocks underlying the Tertiary strata are also exposed sov&ral oiles 

south of Bollinghara along the Chuckairot Drive near tl*e SLtall community 

of Bl&nch&rd. There the rock is a graphitic schist believed to belong to 

the Leech Elver group, as used "by McLellan^/, of late Paloocoic and ~

J KcLsllan, B. D., The geology of tha San Joan Islandsi Zfoiv. 
VashJngtoa'Pubs. in Geology, vol. 2, p. 99, 1927.

according to Andsruon^/   possibly early itesosoic age*

/ Anderson, H. A., Washington ^tate Coll. Research Studies, vol. 
9, no73, pp. 189-202, Sfcpteaber 19ll

So far as kncun, the RstaiAorphic complex does not include rocka that 

will yield substantial amounts of ground w^ter. It exerts little influence 

upon tha ground-fiater resources of western ifoatcom County, except to 

furnish an iopenaeable basoaent for any water in thd Tertiary strata, 

and was not studied in detail in this work.

Tertiary rocks

So far as knovn these Socene sedimentary rocka fora the base beneath 

the unconsolidated deposits throughout western Vhatcoa County* -They are 

a thick sequence of sandstones, shales, and conglomerates of continental- 

type sedimentation. Interbedded in these sodinsnta are abundant plant 

rezoains and soae coal seams that have been mined for many years in the 

Bellingham district.

Unpublished records 
subject to revision



These sandstones, shales, and conglomerates were first described by 

White_/ as part of the Pugot group. BfcLellany called them the Chnckanut

/White, C. A., Oa the Puget group of Washington i An. Jour. Sd. f 
vol. !D6, 00. Ui3-4i$0, 1888.

J KcLellan, R. D., op. cit., p. 136.

formation, as have later writers.^/

J C&over, S. t., Oil and gas poosibilities of western Whatcoa 
Count^: Uaeiiington Dcpt. Cons, and Devel. Kept. Inv. No. 2, p. 9, 1935.

leaver, C. E., Tertiary stratigraphy of res tern Washington and north- 
 geatorn Oregon; Univ. Washington Pubs, in Goology, TO!. U, p. 7$» 1937-

The Tertiary aediirsntary rocks are foldad into broad, open folds that 

trend generally northwest-southeast. Prior to the burial boneath ths 

Pleistccena deposits of the 3hatcoa Basin tlie folds of the Tertiary had

been cut and bovelod by erosion. The exposed Icnobe, and probably tho
% 

buried surface, consist costly of subdued strike ridges connected by

intervening gentler slopes. Records of several drill holes in the Birch 

Bay district show a relief of as cmch as 200 feet per mile on the buried

surface of the Tertiary bedrock. The buried surface descends generally
i

northvsard from the southern and eastern margins of the basin, where it 

crops out, to the northwestern part of the Whatcom B&sin (center of the 

"Fraser lowland0 ), where it was not encountered fcgr the Blaina city well 

(hO/1-ijJl) which penetrated to $70 feet below sea level.
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Saction doTJus^ai-d fi'^i top of cliff, sltituds 
about 170 f©et:

Gs-fcval, cle*ji, pebbly ....
7111 (Vnrlion) c-arr^-iii^ £ f<-^'
Snnd'ilth beds of ^rarol, Irj-c»gnlar3y bedded,

cu-1 ai.giing in sctns places ............ 30
c,^, blua, rcll-beddad, tdth sc-nd parbings . .   . 100

tlo ;--'Aor5--.?. iv-:^r^"l7^ l;!v. till 1o Ve cM.p; 'l;/ Mn

rccis

Pre-Yashon Pleistocene deposits.- Pre-Vasiioii Pleiotoceno deposits car* |                ,   r     . c I

be seon in fs« placas, if at sill. TLccs -risible deposits tentatively 

a?3i**ROd pre'-Yashon aga in thds rc:poi*b nsy act\ial3y bg s^rgiiial d^osits 

of car?^' Fashon a^s. Bsfinitely prs-Vajshon PlQictoctns deposits are not 

Jcr:-rm to crop c%ot in ti»?; T! ^atcos*» I'-s^'n. r.cr^GTcr, PlcicVcor.^ d2 ; :or:itc

Je^'/x'^hsry LU^^rKLe rrdcerliir^ till of th?3 7r^:hoa Q3j:.c:lPtio:i ^re 

exposed iij the sea cliff c-loiig thf: "s.-est ai^e of tba L'c-t'ntain Tic*.T upl&rd* 

In the SC^SfJ rssc. 20, ?. 39 !J», R- IB., thnr-a dcposito conuiot prlaririlj- 

of ^"ell-b^idacl clays having si,lt or fina ^and paintings. A section at thic 

cliff sho^s ths folloiring stratlgrapliic

, . .  .'
».._.<.'.> I A '-   ' . -i * 'V U' vA^

i . ." ^;r. GO l"o' f.." 071



A fiinilar section of Pleictocons deposits is exposed in the sea 

cliff 2j miles southeast of H^rietta t&ere, in the S^jE»?J sac. 23, T. 

38 H. , R. 2 E. , the following is found in an uneven and highly variable 

series of bedaj

Section doTfiBrard from top of cliff, altitude about 90 feeti

Materials Thickness
(faet)

Till, intiLiatt?ly mixoi clo^r, ;;oid, a»id gravol ..... 3
S^ndj variable, 7?Ith intGrbotfcted clay ......... 19
CXr-/ 5 ^n u?iU3aal rairtui*c of eruid r:nd fp.-2*/3l 

l«n:;os uith clay loasc-s and pods of ra£bed (?) 
ccb jlj till ............... ..... 3

S?-Jid, r^jH.xuA-^rained, isnell-beddsd .... ...... 6
Clay, blua, plastic, i^ith sand partings ........ 1
Sand, broisn, medium-grained .............. 5
Clajr, blua, bs,ndsd, plastic .............. 1
Ssnd, brc?>m, Bs-iiuia-grained, -with cl^y partings

and tortuously involuted clay interbeds ....... 18
Clay, plastic, silty, ^ith BOHB pebbles, apparently 

a water-laid dsposit irith ics-rafted material 
included, abundant raarina fossil shslls .....«  30  

Coverod by beach sand ................. -

Another section of pre-?ashon (?) bads is found in the river bluff 

1^ ndles alsoro Cc<isrville where, in the SEillS^ sec. 3il, T. 39 H., R» U B., 

the follcr^Jig ysction is eaposeds

Top of section is top of sand bad, at altitude of about 
220 feet and near Kiddle of cliff face

Thickness 
Kiteriala (feet)

S'-nd, brcen,  A-cll-'beidedj T?ith r.'Uici'c^^ interbsdcbd 
silt and cl-ijr J-aysrs; foreeet i;tixi .V-^ara clip 
a* riueh as 1x3° norWiR^ ̂ t ...............

C?.ry, blv.o, --:Ll-,'^rav.3J'icd, in places contains
isol'itf.cl rc-Jtn<?sd pebbles ..............

Ccvsrcd ........................

dsrposi^s bilc2^ to t!ic pj-'c-Tasbon or early 

filling oi* the P»ig;-t Scmid Bc.:.in.
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The .correlation of the deposits belosr the Mountain View upland with 

the Admiralty clay, identified farther to the southy and possibly to

/ iisrcomb, R. C., Oround-^ater resources of Snohosdah County, 
Washington, duplicated report on file in the Geological Surrey offic0> 
Portland ,6reg*; to be published ss a water-supply papor.

the north / of this area, or with otfcar prs-Vashon deposits is not certain

Joiiftstcn, Vf. A., Oteolcgy cf Frasor River dslta nap area,
British Colubi a , Canada t Car>ada Geol. S^irrey Kcm. 13$,

at thir; tir^o. It is bslievsd tliat tho cls.ys and esnds th^t underlie

tha till of the ?£j?;ion £;Xici&tion JJi tho Kookr.ack Valley east of Cedarville

are stream end loko deposits laid dotvn in r^.ter ispound^d ty the advance

of the Vasbon ico, and consequently bslong to the Vashon rather than

to the earlier Admiralty age* It ia possible that the exposed sections

northwest cf Bellinghaa (described above) also belong to the marginal

deposition of the Vashon glacier and are not representative of the older,
t

truly pra-Vashon sediments that oust form the "core* of the fountain   

View upland.

In the stratigraphic designations placed on the drillers* logs in 

table 2, tl>e term W0lder Pleistocene (?) dsposits, nndifferentiated* is 

used to distinguish these deposits from the younger Pleistocene deposits 

of the Vashon glaciation.

10
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Aside from the fear described exposures! which c&y bo of Yashon age, 

pre-Vashon deposits are Imo?m only from subsurface exploration, mostly by 

drilling for ground uater and by records from tost ireHe for oil and gas. 

Well 39/2-6X1, known as the Enterprise oil test, was drilled to a depth 

of 3 »6l5 feet and reported penetrating about 6l> feet of unconsolidated 

material above Tertiary rocks. The unconsolidstsd material in this case 

is presumed to be all of Pleistocene age, except for so&a Recant material 

at the top. The coinpleta log of this veH TPSLS published Glover. The

I Glover, i>. L- cp. cit., pp.

 unconsolidtted materials penoirai-ed belon? the Resent deposits ^era u 

f ollcnsrs t

(feet) (feort)
Quicksand . ................... 30 30
Sand, blue ..................... 70 100
Quicksand and gravel ................ ?*> 195
Clay, blue ..................... 390 £35
Sand . . ..................... 30 61$
Tertiary sedimentary rocks . . ;. . ._  _?T_»__»_T» _  ..... . . to bottoa of woll

The lower U20 feet of thi/se urvcorisolidated deposits is considered to be 

part of the pre~7&shon Pleistocene lacustrine or marina deposits of t£9 

Puget Sound Basin. Farthur north these earlier Pleictocsne m^toriels 

may have a soneishat different character. Well IiO/l«liJl, located a fe» 

miles east of Blaine at an altitude of ebout 177 feet, vas drilled 7U6 

feet in depth, all the «ay in unconsoHdstsd catarial. Tlje log of this 

Tjoll (soe table 2) eho-T3 the a/iterial to bs so:r.cv,l:.it coa."cer th&n that 

reported elsewhere, tr.t the rct^ry jac-.thoys G.. picked in cL-illin- tho Elaino 

Tfsll day h^re re^ilt-.d In the ^vlllois 1 ?.o;; r:.c.-:.r-^   -.t^.. .' r>7 >;. c-crj^or tlu:n 

the/ actually ero.



Ths Whatcom Basin is roughly tbs southern half of the large delta- 

shaped losrland whose apex is to tho liorthcast in the mountain canyon of 

tho Fraear River. Considering this international lowland as a great 

structural basin whose floor is known to extend, at least in the ELalne 

ares 5 to srore than £60 fact b^lcrgr eoa leva?., it is logical to sunaiso 

tb;;t a considerable x-iiickr/^-g of cl&etic sadiasnts, in large part laid 

ctoxsa by the Frte&.r Silver in pre-7aahon tixu > underlies the fe»? hundred 

ff.o>t of d roocxts 01 T?aahon or osrliost Vashon (?) ag<s vidch are knosn in 

t!io Boiuuh:y and i'->untaia Vies* uplands« Consequently, at dspth in the 

corthtffestsrn part of the ̂ li&tcos County lowland, there is probably a thick 

series of pre-Vashon Pleistocene beds tliat might correspond to the pre- 

?ashon Pleistocene fill identified farther south in the Stanwood, Seattle, 

and Tscoaia districts.

Ths occurrence of saline ground mter in the upper one or two hundred 

feet of Pleistocene and Recent sedi&ents in the Fhatcom Basin is confined, 

so fsr as kncnm, to a position relatively high up on the slope of this 

bodrock basin, and the presence of earine Pleistocene deposits above and
»

near present sea level does not, from presant information, preclude 

tho possibility that fresh-vater deposits and fresh ground trater occur 

at depth in the dc«por, earHer deposits of the nFrassr lowland11 .
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. Deposits of the V&shon glaciation.- In the section exposed on the sea 

cliff of the Kountaia Yiow upland there is an irregular thickness of cross- 

bedded sands and gravels close bone&th the till of the Vashon glaciutlon. 

Bsneath the till capping along the east slope of the fountain View upland, 

i?8ll logs indicate a thick and persistent sand and gravel stratum. Alco, 

exposed beneath the till capping at the Blaina city springs (liO/1-JiDl) and 

in quarries east of there along the Boundary upland sccarpaent, is a 

prccirient scna of crossbeddsd gravelly oufcrash* In -polls on the north 

slops of the Sing fountain upland a rather thick section of coarse sand 

and gravel is shcnsn to underlie the i~bol© district bsaeath the till of tha 

Vaehon glacietioa. Those gravelly deposits sre bolieved to belong to the 

advance oufcsrash of thg Vashon glacier. Elss^rhere in tho basin the outvr&sh 

layer secKs to consist more of material deposited in pounded crater than 

of dofinitsly currentlaid aeaterials.

The till of tbs Vashoa glaciaticn is a Ec^sively compact, durable, 

intimate ntrtrn-e of clay, silt, s«md, and pebble gravel, with occasional 

cobbles end boulders. It occurs largely as a ground-moraine deposit* It 

is bluish in color except near the surface or along joints, trhere it is 

stained a yellow-red color. The till ranges from a fear feet up to 50 feet 

or more in thickness. It riseo fron the cd^o of the recessional outa&sh 

£nd alluvial deposits of the river valleys up over tho uplands and ascends 

tho mountajn elopes 'ih^t bow?d the 171-atcoir Baein. It Is a hard distinctive 

stitil.'cx; cor::only Icior/a loc illy S3 rl'ho r>r.i-.:k<rafl o The till averages about 

20 feet in tlxlclrae'S;?, vliicU is not EC gr-sali ;i3 in Snoho;*4.8h County soma 

75 mil?s to tl.o ncnih, v/hci'e a t;iicfe-3Di3 of .^0 fesr'o is about ax^orage.

2!
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The recessional outwash deposits of the Vashon glacier consist of 

sand and gravels and core finer material. They were laid dovn primarily 

as fluvatile deposits by streams flowing out fros the retreating ice front* 

Some of the finer deposits were laid down in po/ds, probably close to the 

ice front*

Above the till in places on the Boundary and Mountain Vie? uplands 

(see pi. 8, A) there is exposed a thin cover of cross-bedded sands and 

gravels containing numerous large boulders. These deposits fora a dis 

continuous cover over tha uplands and vrere probably deposited by outtrash 

etreajss whon tUa ice front  sas nearby.

A few shallow chanruls were cut through ths till and into earlier 

deposits by Vashon aaltw-ater around the Sing Ifoujntain upland, the floors 

of these channels are nantled by sand and gravel. The present Squalicua 

Creek follows one of these old channels. The delta deposits of Squ&licum 

Creek were laid down by recessional melttmter at a time when eea level 

throughout this area stood some 50 to 60 feet highor than at present ~ 

the sane level to which the principal outsash deposits of the Kooksack 

Valley were graded. Squalicum Creek subsequently has cut a ravine into 

these eeltwater deposits, down to the present sea level.

to VEVJ.lJ.C-



The Igrnden terrace, the Ouster Trough, and tho broad area that extends 

northward from the King Mountain upland to the flood plain of the Nooksack 

Rirer are underlain by the most extensive deposits of recessional outryaehfound 

in the IThatcom Basin. These deposits ara prtorily sand, though they 

contain beds of gravel and clsy. They ware laid doim by large outisraah streams 

flowing southward toward the outlets down the Ouster Trough and the Kooksack 

River at a tima when eea level stood 56 to 60 feet higher than at present* 

These streams msy have removed the till frost large areas along the floors 

of the broad chancels that are new covered by the outwaoh deposits, bat on 

the aides they deposited oufcwsoh upon the till slopes without removing the till.

The extensive terrace lands foraed by thooo recessional outssash deposits

now form soiaa of the finest agricultural land in the county. '
i 

Racont alluvium
4

After the Fraser River had returned to its coursa along the northern 

side of its ncnr-glaciated lotrland "delta," the lower Nooksack River 

excavated its floor to the nearer and lower sea level of today* The Hooksack 

River reworked icuch of the recessional outwash tcsterial, mixing it vith 

silt and forming a flood-plain deposit that mantles the lover level cut in 

the recessional outwach deposits.

In BGSIQ places the Recent &Hitium can be divided into tcro units, 

younger and oldar alluvium, and this distinction is ehcrcn in sooe of the 

well logs in table 2. In general, the alluvial deposits no^ within reach 

of flood waters &re considared young or prV.cticr\lly conteiJporary in ageo 

That alluviura above the rciach of prcsont streets , or other dcpositional 

ig considered older. Ti.Gi^e in co^i cdfficiilty i;i pl^c&3, distinguishing 

n tho latc&t of the «:l^ci.<l cut: ush and t'iG old«r alluvixua and t2i£<

are shctm as cf cuestioiicbls d^cir nation on «,i£iY of tJ:<3 logs 
in trible 2.
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Geologic history

Tha reconstruction of the course of geologic history, as it is recorded 

in the earth materials, helps to protray the conditions that exist in th« 

strata and the circumstances that govern u«e reservoirs of ground water froa 

which water supplies are obtained*

Tertiary

During the early part of the Eocene epoch of tha Tertiary period, saiids, 

silts, gravels, and organic Material wsrs laid dram upon an erosion surface 

cut upon tha older metaacrphic and igneous rocks of tho area. Tlic-.se 

deposits, after long-tiaie ccispsction and consolidation, ncsr constitute 

the Tertiary sadimsntary rochs of tha area. Tiizy uere continental, fresh 

water sediments5 they were laid do*m on a broad vallay floor, probably in 

the form of wide alluvial fans.^/ Local ponding of waters in the valley

J Weaver, C. g v, oj^.cit., p. 89-

permitted the accumulation of stratified sands and clays and the Asvalop- 

o&nt of large swanks trhoee vegetal matter now constitutes the coal seans 

found in the Tertiary strata. Subsidence during that tiioe of deposition 

permitted accumulation of more than 10,000 feet^ of sedimentary

j C v K. , op. cit. , pp. 78-89*

Froa the occurrence of large numbers of fossil palm fronds, the clinate daring

this epoch is thought to havo besn noich rdldor than the present

clioate.

.o re>..' r. \ c-n



.The ancestral Cascade Mountains *er« developed in a succeeding late 

Miocene or early Pliocene dsforssationj this dsforaation resulted in the 

dfcvolopnent of large, northsrest-soatheast-trending folds. The main folding 

of the Tertiary strata probably occurred during this period of deformation. 

Continued erosion in Ploiceno time reduced the ancestral Cascade Mountains 

to a brcTtd  tfcste'ard.-cloping plain of low cr moderate relief, a condition in 

fjhich the res tern ̂ hatcon County region i:ust have sharedo Deformation 

cccrorrad a^aiii near the close of the Pliocane epoch. It resulted in the 

upliCt of the present Casc^d© Mountain arcs, into a largo upwarp having 

a north-south trend. The Oljupic Koisitain uplift and the Puget Trough 

donnsarp vore also formed at that titae.

Quaternary

Plcisbocoao (^Ica Age'*)«« Daring the Pleistocene eopch (sosstis&s 

called the nlco Age") erosion reduced the nearly formed Cascade Mountains 

to a stage of nature dissection. The deposition of the rock waste from 

that c.vocive poriod resulted in the partial filling of the northern, 

baainlike part of tho Fuget Trough. The upper part of these earlier 

Pleistocene sediments in the Puget Sound basin has been called the Admiralty 

clay. It is believed to have been depositod in a large, shallow, possibly 

fresh-eater laks. R?ets_/ believed the Ad:iirr.lty to have b*en a-irino, on

> PP-

the b2?;is of £-f;v*»r.il shell finds tolricved *;a como fro.u th3 Admiralty. The 

senior writer has not found fossils in ostonsiva sor-rchos of beds of known

Adoira?.ty r«e JMlscvrhtjro in the Paset Sound i*egion snd c^JLls attention to 
the p0:?slb;.lit^/ of frGch-;:atsr origin on tho basis of their fresh (coniiati*?) 
ground wat«-r f/xi tlie-lr lacJ: of cstnblinlic-d c:arino foscils. Tho rlcpcr;ition 
of the Adai-rJilxiy cl^r contirru^d until ths Pugyt .found b-:.sin was filled 
to a Icvsl 200 or 3CO feet above the pi-oserit ssa level.

25 Unpublisnod recents
ji.O-jct to rcvj.t.lr.n



The deposition of thQ Adniralty clay ended rather abruptly. The lake 

in *hich it Tras being dsposited iras drained, and a stream systea developed 

across the top of the Adadralty. De&p canyons were quickly eroxSsd along 

these stream courses. Some of tbess canyons W4ra E*ore than 800 feet in 

depth and reached back headword to th© hard rocks of the mountain slopes. 

Whether an uplift of the ontiro area, a genaral lowering of sea level, or 

a decrease of 1 5COD fest in the b&ns-lcvel control of the "Admiralty Lake* 

drain«?,ge accounted for trie cr^ut of such gorge cutting is not now 

definitely loicr^n*

As &imn by tho drainage levels that prevailed during the outuach 

phases of the "aohon glaciation, there tras subsequent to the carving of 

thcao gorges, and possibly not uatil the onset ef the succeeding Vashon 

glaci&tion, a regional lowering of the Puget Sound losrland by at least 

600 feet and possibly more.

Th© advance of the Vashon ice is balioved, from lack of erosion of the 

gorge elopes in Snohooish County to the south, to have begun soon after 

the deep gorges rere cut* The ice moved southward froa the pledaont ice 

fields bstT7$en Vancouver Island and the Canadian Coast Kange and pushed up 

the newly cut gorges of the Puget Sound section, blocking the drainage and 

forming siany temporary lakes. Advance outtr&sh materials from the ice were 

mixed and interf inhered with the scdiiaonts brought dawn by the streams from 

the Cascadn Hcvnt&ins end dcpoaited upon t-^e floor of these ir^oimdsd lakes. 

As the ice pr.shsd up the canyons, ths D^ike levels ross and the vaters

ovrr ti.e intr.rgorgcj diTd.dec ^ud cub temporary diversion channels.

i'hg Fra^or Fdlvor in Dritish Columbia wr.s prcb?.bly diverted Doiitlnr^ird across 
the &.r?-i tl)?:t i<5 n-T? vt-sii'-r/a Hratccvi County t In turn, tho Ilookssck rr»d otlier 
rivers VST«J uivsrtod scufe?.?ra along tiis icr, n,ir^in. A3 the ico tovcd south- 
v^rd in the: Pv£,et IVoxigh it, tlii cleaned over this srsa and pushed southo<i8tinrd, 
finally re: crdr.g a height near the precicnt 2,51^0- or 3,000-foot altitude mark*.
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Apparently, as the ice i»eved up the Nooksack gorge   at first the one 

located in ths ewale just pouth of Blaino   it forced tha impounded 

waters to find a new outlet. That first outlet nay have been cut on the 

south oido of the present Birch Point tjplsmd. In turn, that channel would 

have boon blocked as the ice advanced inXcnd. The impounded water, then 

rrollczi by tho addsd Fraser River drainage, apparently developed or greatly 

snlargcd ths cruxnnel that now is follcreod. by tho present Eooksack River 

east of the Mountain Vie^r upland, Tbo ice tongu&s continued to move up 

the Kooksad: gorge, blockiiig tho divernicn channels and forcing the water 

to i<pill southward across the King ICouiitain upland, there producing several 

smaller channels. Tho ic^ tongue noving up tha Kooksack canyon may have 

merged vith another ico tongue isoving across the Fracar River lowland. That 

enlarged ice cheat then isuct have moved up the Kooksack Valley and impounded 

waters in tha canyons of the oountain front, causing the development of 

ne^ diversion channals southtyard through the mountains.

At one ti&e the ice rose above the riras of the intergorge areas of 

the Pugat lowland and spread out over the palteaulike arsas fenced of tha 

Admiralty clay and advance deposits of the Vashon glaciation. The ice sheet 

at its nRid.qn»n extent covered the whole Pugat Sound basin southward as far 

as the towns of Tenino and Csntralia, 130 idles south of Bellinghaa. Its 

upper surface ru&ched as high as the present 2,500- or 3,000-foot nark in 

County* Tlie ic©-frorrt advance w£3 not cna continuous forrard

3irt. Tho rate of t siting at ti^.co ecc?^c-jd the rats of thrust, causing 

the ice front to oscillate. Such oscilla^-lon £-ppareat2y accounts for the 

presence of several csparats layc-rs of bill in cc^o places along cliffs 

?t the edge of \;Le inter^or^o inlands.

27 Uirpublished records
subject to revision



The Tashon ice finally aslted back from the Puget Sound basin near 

the close of the Pleistocene epoch. It left behind a mantle of ground 

moraine over ouch of the area. In the orainagesrays the "siH iras largely 

reworked or completely removed by th© outsrssh street flooring rrori the 

receding ice front. In places, the ice-borne debris ^aras drcppod in poads 

or lakes. In other places, it built long trains of «atsr-lsid satGrials 

that now floor and psrti^lly fill sos& sections of the interplatei.u ^gorges" 

both above and bQlcnr pres&rb sea level.

l&ltwater carried a tliin deposit of eancis arid gravels over Ecich of the 

till surface. The fens 32- diversion charjiclo i/^ro ps:--tly filled fcft* oui?rash 

deposits. The iioa£s&ck "iver -ras ciirer tc^d bed; into its for^r drfinp^c 

route rir»d again fla.-o-cl across th3 Icv.lar.d sr-cc.., ;joining &e Fra^^r ili\£r 

ne£T the preecjnt cits of E\'orson. /* lofferiiig of scv? levul frca trw <0- to 

60-foot altitude of the l&te recesoional-cuteish terracsg to its pracemt 

position has since caused, or accompanied, the roturn of the Iraser to 

a channel along tha north sida of tho "Fraser lowland. 11

Recent.- Since the recession of the Vashon ice tho Ik>o!cEack Elver

reworked naich of the outsrash material in its ralley and has produced a 

broad flood plain mantled with Recent alluvium. 5*he lor-r>jr portion of the 

present Hooksack Valley ^as probably a snail t'iitiiary? and the Ucral 

Peninsula was thon an island. Alluvisl deposits hava si.nca filled thia 

eabayn^nt, producing a near~sea-lev©l flood plain that tr&i^fonasd 

tho island into a peninsula.

Tho recession of the Vashon glacier end th-3 «ub.>«que'.it &djULt-3 

of the di'ainrge to its u-^ e.nr;?:*or^irLit v?.rc sixcrr.',:.:^-.' b- K short period of

£<l^ti:;tr«:r.t of tc->~.,-'-^p]:y L.  & clii;: -t^ br/rcio L..-I OMUcxd to t 
i^tei-ialo, topo^x;/7j scilc ? - c.-^rv.r. 
pr5.~>rry conircl cx'^r lu'J l:L:-''f» f.od^,

cO



GROUND VATEE

Occurrance of Ground water 

Place and Banner of occurrence

In this report the c^nnsr in trtiich ground water occurs in the pore 

space of rock aaterials is described in two wayar first, by its moda of 

existence within stratigraphic units, and, later, by the hydrostatic 

condition (perched, tmconfined, or confined) of its occurrence within 

given &ones.

Pre-Tertiary mstanorphic rocks

The ms-taiiorphic rods (mainly schist and greenstone) that crop out 

within the area do not contain pores or opcningo other than the snail 

joint cracks and sheer sores coaston to hard rocbs and consequently would 

be expected to carry ground vr&ter irregularly and only in sz&ll amounts, 

though it is possible that certain types of these rocks might afford small 

supplies of water when tasted in otherwise water-lacking areas. Ho wells 

are known to obtain water from these materials in western Ehatoom County, 

and the dense, tight character of these rocks icakes them unlikely sources
*

of substantial quantities of trater.

Tertiary rocks

Tho Tertiary sodiiaontsry strata carry s&all asicunts of fresh -Rater 

in the fetr places where pore space permits and where adequate recharge and 

drainage have flushed out the saline or other highly Ednerallced water 

coasonly found in these strata. The yields are low   a 6-inch ^all 

penetrating a water-^ taring stratus in the Tertiary ^^ijsrallv- yields ciily 

a ffc^r gfi3J.ons a mimta. Ti:«s Sci^lstcns ' and co:iglorecrata ssfterials *'*£ 

lather poorly corted, c;uilx vull ca^ r^itei, ar.-d irr3sularly gj)d ci^cozitin- 

ncUL'ly stratified, all of rhich ch^ractfcristics J*alp to account for their. 

c^id-nt lack of pcr^'-^bilrVfcy. In f^r.rt, the crilljiji^ recr.rdi the// t^t in
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cases the meager supplies of *-ater obtained frca the Tertiary rocks 

have cose from the "broken shale* unbars of ths forroaticn. During 

the Tfell canvass, only a feir rslls were fould tc obtain water froa tho Tertiary; 

these are at fairly high- altitudes   where dcifnxsrd f lv£hing of the strata 

by fresh "water would be expected to ba n=o3t vigorous. Of those ̂ ells on 

losrcr ground essentially all, givo saline or other zainercl-chargod rater. 

Investigation of reports of large floira or large potential yield . from 

the Tertiary rocks -« such ss runiore originttiiig in oil-test c^rillin^    

£ll proved to bj uafounCod.

Tha information gsx-horsd ciu-iiig this isjvc-tt:i.^iticii iridi&r.tea t.^rt 

the Tertiary scdiii.^ntfj.'y rochs a: ^ viaHiiifly to p *GV^C'J ground \t "tor for 

any but the smallest nscii; end tl;at v^lJL tests 1.tested x-cl?it:'.vely high 

en the hill slopes ars iioro UJcely to find frech trr:/o&r than are those 

en the loi?er lands.



r:;ury -l -o js

P.ra-Yashcri ; I;.'.:, ? c-c^c jfeposi t3 .-  ^cr.^ith the K'jurtaUi Vi-^r upland 

frtisa ground vatv r l-*u tc'^n d^rclop:;d /'mil. c^-nd and gravel layers in
»

stratified deposit,,;. 7h---rse deposits probably do cot crop cut. ths ssaie- 

typa of j^ilicri'il v- r-h:rKi£ by the well logs to forn ths cors cf th© 

roiu^in Fiet/ upl^jd do.r.-a8rcrd frosi near th^ base of the till of tho Yasbon

f,lj.c:".c-r to th~ v.i' '4-V "^g cor^oiicln.tJ.'d roci£3 of Tertlo-y a^e. ^he rater 

^s i?V7,s?.v it : ' :. "     "' c r;ottrK'j.n £. bocrv -'li-u-vo urcor n^rfacs hrs !/' !« cl'^p 

of a b c-.:i d<".  " . /  '.u'l hV,'..T r -o^n^'' (?v. i -:.^-;>,cvrfi on pi. 1, A)c, 

T--:: T*:3>,5;-~b'i::-'i   - .. . ;^rc toe s'.irl ^T lov a\x'Mr;o yield.

7     chc;:>^ <' ' :  ^vr ivy tat^risvls bji««:.V.i tho P^xui-^y c^l^sad aro 

k?,io^u rrjy IVciJ  ;'.'.. "/.,; of ont T;oll ([>Q/1-!4.J1} cijrt of Bi^lno. 7l-i» l?jrf®

 -i".or;r.t. of <jr-:iv .1 : :rcrtod for ths dsrp^r psiit o  this ^11 m^j bs deceptive

^tis.t roll -?ar» dvi\lr->d Ujr rctarj jsathods, rn'iich else^hsre in th-3 Pu^et Sound
  

ore.^ h^vc given i.«li logs &hotFii)g cucii irore gravel than indicated tgr
9

carefuli;? :r-:e?: f:r< c' c.liiT exposures ai;d records of i.sarbr percaosicn-dflllr d 

trolls.

Th-9 ir-.iter cn;-oualei'sd in thes-a Pleiatoccne strata is mostly freah 

( G'-r,ccpt slo^ig the -..a.:* sid-3 cf ti'.e ^ount&in ?if* upland, x,-hcre coiiaid^r;;b3^

aalii'je crater hao t ica found. There, however, the etrcta isay represent'i

n?rgiK£l sdv£,uce «ir.posita of tha Tashpn glaciation r&ther tiian tho doposits 

vihat co^£^ri?o M a vvlk of tho uplc.nd. Iit-'-le \;^er c^:? rtcl^rge thectc

;:^'il'>/i'3 b:^:^-!:rr  '    ^c-'i^rv.'ji VI*.:- -r*!l'.:ic' !\." . v.)^ * ~'< T; :.* '.ol/it Ion fv./fi

*/?'3 f-i'j'7'c.c: *, .icr. , .-:?. ^ ~i '.-.in:'.-"' ti"1' /' *'. . r^n ;r^';h c^o / jcj^h th.-.c^
 vnd

:.ri:->-:-c. c- .:> ..  -.- . . .-<",  '"X?, :.V:->v;.c:. ; ;v cf f ^ ,;.:.!. '^r.pl:"r./'>- '  '.C.T- 
..^i-:'..: ;...-151V ° '   '*- Tl: "'- ^'-'j' '"'* '''- ? ci"  :.-/  L':,.:-  /.. *'Y.'. T- r*;-J.:. t 
' h:- cc'-'ti oT ;.:   _' . .r '.*.»"-, ..c:-^-.c-:-V; ^ : '^ i'-.'.vvii Pel-:, r.*",;'^ r, - t



£

gorges   quite possibly they belong to Adairalty time as represented by 

. eediiaents farther south in the PugQt Sound ares:. It io significant that 

the water oo far developed in tlicce strata, is largely fresh. Tho strata 

beneath the JSountain Vieur uplaiid have bssn thoroughly tested and yields 

found to bo low, but those beneath the Boundary tnd Birch Point uplands 

regain largely untested to date.
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Advance outrash of tho Yashon glacier.- Boncath the till capping 

on the Boundary upland is a thick zone of clean, water-cashed, irregularly
 

bedded gravels and coarse sand that crops out around the steep slopes south 

east of Blaino. Likswise, sixailar gravel zones are encountered in well 

drilling Just beneath the till in the area around the northeast side of 

Kouniain Vie* upland, in the area northward from King Mountain to Laurel, 

and in the email hilly area Juat -rest of Sunas. These deposits are advance 

outeish of the Vashoa glacier. In soias placee (such as the riter-bluff 

section east of Cedarville) the ica may have advanced into ponded water 

that allowed clay and "dirt1* to accuisulate, bub in most places currents 

laid down tho clean gravels and sands as the uater escaped outward around 

and stray from the advancing and thickening Vashon ice. The materials are 

generally porous and penaeable, and below the local water table they carry 

large volumes of ground water* Tields of 200 to 2jOO gallons per minute 

from 10- or 12-inch cased wells are coasaon in these areas* The evident- 

sources of recharge water for these aquifers is precipitation on the upland 

above, the water entering the saud and gravel where the till capping is thin 

or absent. The ground water in these aquifers has established natural 

gradients toward points of exit. The Larabee Spring (39/2-3601) and Crystal 

Springs (39/3-1911) are natural discharge points for the adv&nce-outwash 

aquifer north of Sing Mountain. The Suaas city springs (U1/U-33H1) probably 

are supplied in part froa tho gravel beneath tho till. The Elaine city 

springs (ltO/l*3Ml) and nu&erous creok soirees drr in tho advance outrash

boneath the Boundary upland, and several s, (?.ll seepage aprings probably 
drain the equivalcrrt sore on the northeast end of the fountain Tier upland. 
The gradient of the rater teble wcs-bTai-cL torr^rd Icurabse Spring is but 5 feot 
or so per mile. In vicrt? of the cubs^-antia! discharge of tho spring, the 
las' gradient indicates tliat the ssnd snu ̂ ?e.r&l sre f in this ir-stanc®,
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Eiserbare, beneath the till there are "pockats" and Hrains11 of 

outrash gravel less esstensive than those described above . In BOS® places
»

(such as at wall 39/1-26E1) this advance outtrash gravel lies abova the 

water table; in SCUJQ others it is penetrated far belosr the local water 

table, in such a position that the overlying till cap serves as a confining 

Isyer and flctring water wells (such as U1/1-31G1 arjd 39/2-20C2) are obtained. 

Those advance outi&ssh gravels and sands, both in the larger areas described 

above and in the other smaller isolated areas, arc widely used sources of 

ground-'sratar supply for people living on the Icwer parts of the upland areas. 

Thgy are among the mast satisfactory sources so far developed in the 

Whatcoa Basin*

Ull of the Taahon glaciation.- The tiH deposited by the Tashon 

glaciation is largely imperoeable and causes ouch of the precipitation to 

run off , to reaain within the upper (soil-zone) horison, or to perch upon
*

the till surface where permeable sediments overlie the till and water 

accumulates in them* Kosrerer , some sand and gravel streaks do occur and 

afford irregular channels into and even through the till* Shallow wells 

dag into the tiU efford small supplies of water for domestic or stock 

purposes* These wells are in many areas the cost common source of rural 

domestic supply. In places where one of the gravel or sand streak* is 

encountered a better than average wall results and may supply a household 

throughout the year, but the great mijority of the wells in tho till are 

prom to go dry in tha sxiitrser. SousstiiBsg deepening an inadequate

affords &o?e ctcre^e space ruid in rare instances doeponing opens up gravol 
or sand rtres±3 thut let in mora rater to strengthen the well, but in ooiae 
cases deepening results in perforating the till cap and in the loss of water 
into R ry" pervious :iviteri&ls
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Bacessional outwash of the Yashon glaciation*- A great train of water- 

laid sand, silt, clay, and gravel outirash descends southward from the 

boundary area west of Sumas Tones the lyndon terrace &nd linos the 

Nooksack River lowland -op to an altitude of about 60 feet near the present 

Sound shore. The outwash carries unconf incd ground water at rather shallow 

depth. Much of the area underlain by outwash has as insufficient slope for 

good drainage and the ground water stands at drainage-ditch level* Tha 

outwash in the area near the upper, northern end is coarser-grained in 

general; there it is composed largely of sand and gravel, as compared to 

clay, silt, and sand along the Heoltssck Valley below Femdale and to 

similar materials in ths Ouster Trough below Ouster Station. Huch of the 

ground water of the outwash terraces flows out froa springs along tha river 

escarpments or is net? led off by drainage vorfcs. In soiae places vater levels 

in wells show a harmonious rise and fall with the rainfall cycle and with 

the level in the marginal drainage creeks (see pi* 11).

Wells obtain large yields when properly constructed in theeo outwash 

materials, but cost of the present developments are merely small driven-, 

drilled, or dug wells.

Kany of the wells yield rater so high in iron that it eaist be treated 

to sake it satisfactory for domestic use. Beneath ouch of the lover part 

of the outwash-terrace area deeply drilled wells have encountered saline 

ground water. It is quite probable that this material was deposited into 

area water, which then stood about 50 to 60 feet above present sea level, 

so that the salty wster resaining at depth Bvay well be connate mtor not 

yet flushed out.

35
Unpublished records
r/x'tscu -to revision



Recent alluviurt

Along tho present flood plain of the Nooksack River and the broad 

trough occupied by the Suoias River, the recessional outeaoh materials have 

bssn cut out to a newer, lorrer level, over which the present rivers spread 

in flood tires and have laid dcram thin deposits of Eecent elluviua. Tha 

clays, silts, and sands are full of rater up to about river level. The 

ground-crater level generally slices variation rith the level of the river 

and t?ith the atiount of rainfall. . The ground vrator is developed for domestic 

and industrial supplies by staall driven and drilled wells and by shallow 

dug wolls. Much of the water contains an excessive amount of iron. Gaseous 

odors are present in some well water, which is considered to be of only 

fair quality.

Ryeb'ostatic condition

The shallow soil-sons wells on the till-covered uplands tap water 

that is hold up, perched, above the regional water tcblo. Clay layers at 

the surfaces of some terraces, such as the low outvash terrace just east 

of the Hooksack River opposite the town of Ferndalo, my c&use a similar
,»

perching effect. Beneath the uplands, clay layers in the strata may also 

perch thin layers of ground water within the overlying pervious materials 

at a position above the general level of the i/atsr table.
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Most ground water lies in the pores of the rock materials within a 

saturated zone whose upper surface grades toward an outlet, the steepness 

of the slope depending on the thickness and permeability of the materials 

and the amount of water coving through them. Such a ground-water surface 

is known as a water table and such grouad-*rater occurrence is called 

unconfirmed. The regional water table in western "tfhatcoa County is shown 

in part by the contours on plate 1. Esne&th the uplands the -water table 

is higher and culminates in lew domeo or "sounds1* beneath points where 

recharge occurs from the surface. In tho terrace lands, such as those 

north of I^ndsn, the inter table lies near the surface and slopes toward 

the streams and drainage ditches or toward springs along the tenainal or 

lateral escarpments   The lowest level of the regional water table is com 

monly along the major streams. The -eater table beneath the Hooksack River 

flood plain is in general balance -with the river, into which the ground 

water escapes. The water table slopes toward the stream and downstream 

in conformity with the gradient of the stream. In the large trough 

followed northward by the Suoas River the regional water table slopes 

northward toward the Fraoer River in Canada (sea pi. 1)*

Confined, or artesian, ground water occurs under pressure doe to 

passage of the water beneath an inclined impermeable stratum in its path 

from a recharge area to a Icrcrer point of discharge. J In western Whatcom

/ The reader ir.ay note that hydr-'OLosIsts in general, including those 
of the" Geological Sitrvey, use the trorrd artesian to m^an any confined ground 
 srater. Host dictionaries still use the old designation meaning ground T?ater 
that f lores to the surface. In addition tuere is eorae popular Edouse of the 
tern to Eg an a. tvell of largc^ yield, or aoy relatively deep drilled well.

County the principal kncsm areas of artesian ground -^ater are the Andorson 

Crack are?, north of Squalicua Mou.itr.in, the Ferndale area, and the eastern 

part of the Blaine area.
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In the Anderson Croek area the confinir^ "layer11 Is a coc^lex over 

lapping arrangement of clay strata and the till of the Tashon glacier* 

Clay beds are present both above and below the till* The compound 

ii&pervious zone inclines northrard trith the topographic slope of the 

district. Beneath that tone the water-bearing sands and gravels contain 

ground water under pressure. The recharge crust take place through holes 

or thin places in the till along the Rountain slopes above the Anderson 

Creek artesian area.

In the Femdale district the ground-^ater sons bancath the till along 

the east sido of the Mountain Vie^ upland apparently comes under conf inojuent 

beneath the till in the lower slopes of the upland. Only a few nails (such 

as 39/2-19?! and «20C?/ )~<ave developed that artesian sone. The ea *t«r&rd 

extent of the till capping layer is not knosmj it nay taper out, it nay have 

been cut off by the ancestral Nooksack River, or it may even extend all 

the way across beneath the IJooksack River flood plain.

The eastern part of the B3alre area is liketrLse one in which the till 

capping confines water in the underlying gravel aquifer* The westward 

extent of the till is here also unknown, but, judging from its persistence 

beneath the Dakota and California Creek areas, it crust extend westward 

beneath Blaine and for some distance to the west*

The presence of these three known areas of flcsring artesian ground

 R-ster confined beneath ths till capping along the loror slopes froa the
* 

uplands indicates fast other cuch areas probably exist but have not yet

b~;en discovered.
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CfaeaiCc-1 character of the ground irax-or

The ground waters of western Whatcoa County are relatively losr in 

dissolved mineral matter. They are in general of good quality; however, 

ground trster of poor quality does occur. Tha quality in laost cases dspends 

mainly upon the geologic Eioda of occurrence

In studying the oineraT content of the ground trater, four relatively 

cosploto chemical' analyses irsre made on representative ground-crater 

samples; in addition., os^ analysis of th-a Everrcii City ^-lier espplyvsa 

furiiijl^d tgr rater-d'jpri-tr^t ofjTir-isjlf; (r--e t .ble *:), Geological

Survry perconnsl tested 2h6 additional oarpls.n for bsirdnoss

end 21*6 esTioles Toi- chloride. Ecth t;n)Bt3 of toalv^ere Li2c«

by field ct&thodo (seci table 1, columns 16 si:d 17, and tsble 2, colu-ciis

11 and 12).

Hardness

The consion classification of water hardness in uso by the U. S. 

Bureau of Public Health ia stated in parts per ndllion by uoight of ths' 

calcium and ffla^nosiuii content caressed as calcium csroonate. The folloering 

table gives the commonly-used adjoctives and their limits 2

Hardness as
parts per million Degres of hardness

0 - $S Soft
$6 - 100 Slightly hard

101 - 200 LoJc,^tely hard
'201 - 500 ?eiy bard
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Of tha field hardness determinations the greatest found in western 

Whatcom County was 2P5 and the least 10 parts per Billion, ^he greatest 

bardaess was found in a saline water (well 38/2-1B1) froa, or close to, 

the Tertiary sedimentary rocks juet tmst of King Mountain. The softest 

t-ater (trell 39/U-33D1) came from the Tartiary bedrock and the outwash 

gravols above bedrock on the stesp slope just south of Cedarville. Of 2l;6 

wells and springs irhocs water was tested for 1 ardness, 16 irsre found to have 

soft water, 97 had oligfttly hard iratar, 6? had moderately hard, and only 

6 had very hard witer. Wells in the till of the Vaahon glacier yielded 

Tsater ranging in hardness frora 8£ to l£0 and averaging above 100 parts per   

mill ion, or moderately hard. The veils in the recessional glacial outnrash 

yielded crater ranging from Uo to 80 and averaging about 60 parts per 

million, or slightly hard. The vater from the shallow wells in the Recent 

alluvium of the Hooksack and Sumao Rivers differs somewhat in hardness
f

from place to place and at various depths. In many veils It is but 60 'to 

60 parts, ishere&s in others it runs as high as 17$ parts per odllion or aore.

Salinity

The small amount of ground water in the Tertiary rocks is sallna or 

brackish, except on mountain slopes or other places where good circulation 

has apparently flushed out that type of -rater. Hot only is the water froa 

the Tertiary generally saline, but tests of vater froa wells in the over 

lying glacial or alluvial materials indicate that the Tertiary rocks nay 

feed entail aaounts of salino \citer to n?irby psrasable beds in the 

unccnsolidated fc

ItO
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The unconsolidatod pre-Vashon Pleistocene deposits beneath the 

Mountain View and Boundary uplands appear to contain fresh water of low 

chloride content even when lying as much as several hundred feet below 

present sea level. Two'field tests for chloride concentration, one showing 

6 and the other 57 ports per million, were made on water from deep wells 

on the Boundary upland, and five such tests of water fron wells on the 

Hcuntain View upland all shewed less than 20 parts per million of chloride. 

This condition did not hold for all the wells on the western end of the 

Mountain View upland. Tht: chlordLdo is high in water from deop wells that 

nay penetrate or approach the Tertiary bedrock, -rolls that may enter 

a series of marine beds of early Yashon age, or wells that may tap aquifers 

cut off from freshwater recharge and into which sea water has found its 

way.

The principalaone of saline water lies at a depth of 100 feet or more 

beneath the lowlands of the Eooksack and Sumas River flood plains and the 

Ouster Trough. There chloride as high as 1,000 parts per million, or even 

more, Is to be expected. Possibly the advance and recessional out/wash 

deposits of the Vashon glaciation were laid da/m in these lowlands under 

marine or brackish-crater conditions and the connate saline water has not 

been flushed out since.

The recofisaended lizait for chloride in drinking water given in the 

19U6 Public Health Service Drinldng Water Standards is 2#> parts per 

ffiillion. Water containing £00 to 1,000 parts per rdllion or more, is 

widely used sriiera better w2.tar is not available, but prolonged use of 

water having the higlisr concentrations is cc^..;;>nly eajoyablo.

Unpublished records 
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Gaseous iapurities

l?u®srous reHs drilled in the area rhera glacial materials cap 

the beveled coal-bsnriog Tertiary rocks havo struck pockets of natural 

gas. In some cases water is confined under high pressure along with 

this gas accumulation* Tell 39/2-28IQ. mis reported to have tapped confined 

r-.ter that shot 100 to 15>0 feet into tho eir by gas pressure. The trail ia 

abo*ot 1^- ailcs east of Fcrndale in an ;*rea trhere rnny trolls produce nethane 

£,as, as described ty Glover. J tfell 39/U-33C1, three-quarters of a oile

Glover, S. I». , op. cit., pp.

south of Cadarville, ^as reported to have had a gas explosion in the 

house trbon the pucp -sraa turned on. The chief constituent of the gas is 

xaathana ^hich was probably generated in the organic matter of the under 

lying Tertiary rocks, ^ihere strata of the Tertiary are beveled, the gas 

say be free to move up into the overlying Pleistocene deposits, T&ere it 

becomes trapped ty confining clay menbers until encountored by wslls.

A few of the rells were reported to obtain water having the odor of 

hydrogen sulfida (nrotten-eggfl gas}« Such occurrence czay be due to peat 

or ssr&ap depoaite in close proximity to the aquifer*

Sinplo aeration generally will re^cr/e dissolved gases frost water for 

household or stock use, and their presence is rarely detrimental.

1*2
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Iron

Iron in the ground isator Is by far the most ccssaoii objectionable 

constituent of the water in western ¥hatccaa County. Its occurrence is 

confined aloost entirely to tho areas of recessional outvash and Recent 

alluvium, tha greatest concentrations being in tho Recent alluvial 

daposits of tii3 Suuaa Eiver flat.

Inasmuch as 75> to 90 psrcont of the total iron present is oxidised 

and precipitated on contact nith the air (see table Ii)j the iron in the 

ground water probably is largely in the fcria of ferrous bicarbonate, 

Fe (HG03)2. -^ is probably derived from action of carbon dioxide and 

vegetal acids on ferric oxide and other iron compounds in the rocks* 

The vegetal matter possibly consists largely of peat beds. The ferrous 

bocarbonate stays in solution and the water remains clear until exposed 

to the oxygen of the air, when the iron is oxidised and precipitated as 

yalloff-broim ferric hydroxide, Fa (OH)^. This precipitate causes the 

stains that often occur on laundry or porcelain fixtures* The concentra 

tion of iron (Fe) preferably should be kept under 0.3 part per Billion 

for domestic purposes. Raw iron-bearing vater'is suitable for irrigation, 

as the small amount of iron added to the soil has no deleterious effect. 

The acidity of some soils shews increase mien iron-bearing water is used 

for irrigation, as these waters cosmcnly are acid. This condition Bay 

nsc&saitate the tre&tsaent o? tho soil or rater by the addition of 

alkaline rKiterials such as lime.

U3
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Iron-bearing waters, where allowed to stand as in veils, cisterns,?
reservoirs, or ditches, often support large colonies of hair like iron- 

depositing bacteria. The decay of these bacteria soxeticas gives a foul 

odor to the water. Valla yielding potable iron-bearing water when first 

put into operation wiy show an increase in "iron* taste and may, at tines, 

become unsuitable for domestic purposes owing to the accumulation of 

these bacteria.

The chemical analysis of the iron-bearing water fron well kO/U-lODl 

(see table It) shorts the presence of manganese in a concentration great 

enough to cause staiidug of white fabrics even if the iron were not present, 

Manganese is often associated Tsith iron-berring -jratcr and may be present 

throughout the iron~bsari,ng re.tsrs of the area.

Tf eatment of iron~bo&ring wators.- Most of the iron-bearing waters have 

to be treated to be entirely satisfactory for domestic use. This can be 

accomplished usually ty aeration and filtration, Couasercial devices 

utilising seolitic base-exchange methods are also used. . The precipitation 

of ferric hydroxide is more efficient if the normally acid water is made 

slightly alkaline by adding liiaa solution or b/ passing the crater over or 

through some alkaline material such as crushed lines tone. After aeration 

the precipitate is easily removed by letting the water spray upon and pass 

through a sand filter in the presence of air* Often an easily changed 

removable tray that catches moat of the iron precipitate is used at the top 

of the filter.

A second aeration, u<hich -will ir.^rovo tho taste, con be achieved by 

arranging the filtration process so that tho vafc^r drips froia the filter 

to the storage
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Use of ground water

Ground water furnishes the principal domestic, industrial, and public 

water supply for western IQiatcom County outside tho city liadts of Bellinghaa, 

An estimated total of 3,000 dug walls, $00 drined wells, 300 driven walls, 

and 100 developed springs are in use to furnish that supply. As public 

knowledge concerning the presence and developz&snt of this important resource 

increases, greater and more effective use will be made of ground tsater.

Domestic supply for rural f&rmateads makes up most of the present use. 

An esticated 3,000 diig -soils, hl$ drilled wells, 300 driven veils, and 90 

springs yield about 3a million gallons of -crater per day for domestic and 

farmstead purposes.

Public supply for all the incorporated settlements in the western part 

of the county, except tha cities of Bellingham and I^ndaa, is furnished by 

ground water. At present 6 wells and $ springs are so utilised. Bellinghaa 

conducts surface water from Lake Whatcom and lynden now pumps treated water 

from a plant on the Fooksack River. The incorporated coiGsrunities using' 

ground water use about 1 million gallons per day. The following table 

shows the source and average consist ion for those larger cosniunities*

Water consuigption of principal comsairdties using ground water
Average consumption 

Municipality Source (gallons per day)./ 
ITaxiEiuia HlnJcaun

Blaine

S^orson

Feradala

Kookssck

Suaas

Well, springs (U) 365,000 186,000

TFells (2) 2^0,000 2liO,000

Wells (3) 330,000 110,000

Spring* (2) 80,000 60,(X)0 
(1 in use)

Kuabor of 
custooor Present 

connections adequacy

61i8 Adequate

210 Bo.

liOO Do.

(Included with 
(Svcrson

220 Adequate

J As reportedTU'or l>u!xTb/ oi'r'icials of tuo t.r-tcr ci^p^rt^erta concerned.

su'.-lect to revision



Industrial use of ground water is limited to a few food-processing 

plants and dairy-goods processors. Their use docs not make up an Important 

withdrawal ~ probably less than a Billion gallons per day.

Irrigation with ground irater is increasing* So far, it has been mostly 

confined to the river flood plains and lev terrace lands where pumping lift* 

are low and yields from shallow, inexpensive wells are high. At present an 

estimated 1,000 acres are irrigated with ground water. These lands receive 

almost a thousand acre feet of wetor per year   most of it distributed 

by sprinkler irrigation.

Other uses to wliich ground -rater is coasaonly put   such as cooling; 

coatsercial food-fieh propagation, for which spring discharge is especially 

sought; and heat-pun?) systems of space heating   ara not extensive in 

western Whatcom County. In all, probably not core than 6J million gallons 

of ground water is used per day c.t present in the Whatf'oai Basin.

Areas of deficient ground-water supply

Here and there in western ̂ hatcoa County area are spots where the , 

succession of underlying strata is such that suitable ground water is 

difficult to locate even in t the amount necessary for single household use* 

Soaa of these occur as exceptions within districts otherwise moderately 

well supplied with water-bearing strata, but most are areas of generally 

deficient supply. Among the districts lacking an adequate ground-r^ter 

supply are (1) parts of the Mountain Vie* upland, especially toward the 

restern side, (2) parts of the Boundary upland, notably tho higher portion, 

(3) isolated bedrock hillr, in the Squalicun Mountain district, and (U) some

placaa in tbo alluvlsl be!-tea lands of the fr/br^oa district, whore the 
quality of tho rasr ground water is coiiiionly poor.
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On the Mountain View imland the shallow wells in till are the chief 

source of farmstead supply. These walls go dry in the suaEasr or fall of 

most years. Some deeper test wells (such as 39/1-29B2) have encountered
s

largely non-water-bearing clayey sections beneath the till before entering 

"dry" bedrock* The tabulation of wells drilled in the western Mountain 

View upland shows, that the ground-water yields are small and water-bearing 

Jones generally weak in that area. The ruzsor tliat large water-bearing zones 

were encountered at depth in the Standard-Ferndsle Ho. 1 oil-test woll 

(39/1-5B1) has been found to h~ve grown from talk about a fair water-bearing 

stratum that pas struck at 175 fest, but its yield and quality are 

problematical. The available ground water will sustain the farmstead supp£ 

of the upland, though in many cases in an inadequate or costly Banner, but 

the conclusion must bs drarm that ground water for sustained irrigation or 

Similar uses is not available on the western two-thirds or more of the 

Mountain View upland. Possibly water for irrigation and other uses could 

be developed from surface sources by making local lakes and swamps into
f

reservoirs where the natural surface water could be stored for diversion' 

to irrigation   possibly supplemented ly puiaping froa the Nooksacfc River 

at Ferndale.

The Boundary upland in its highest part 3 nileg east of Blaino is an 

area where ground watsr may be difficult to obtain. Hcsrover, the situation 

may be largely due to lack of exploratory drilling. Most of the known 

drilled wells hava obtained enough water for fanrst&sd use.

Ur.oublisr.sd records 
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In the knoblgr hill area about King Mountain, at the northern toe of 

the King Mountain upland slope oatt of Laurel, and in so»3 places on the 

slopes of Squalicua Mountain, the Tertiary bedrock underlies the tin of 

the Vaehon glacier; both yield only meager water supplies. Where such 

circumstances prevail, as they do in many places vithin those districts, 

the lack of ground irater r-mounts to a hardship tmich raore subsurface 

exploration can alleviate but little. Household supplies can so^actimss 

bo supplemented by storage of -rcatt-r in cisterns during tha rainy season, 

and fara S'opplies by ds-relopirorit of surface-water sources.

Tho flood plain of ths Kcokseclc is underlain rcainly by rather fine 

grained dsposits in -which the -rater is coitsonly iron-bearing in the upper 

100 feet or so, and, in some places, saline belosr 100 feet. Belosr 150 to 

200 feet the water is generally too saline for use and the alluvial or 

bedrock formations are unproductive. The iron-bearing water of the upper 

sone is perfectly satisfactory in most cares if the iron is removed and 

the acidity counteracted. Both these operations can be performed properly 

by single hoae-constructed equipment (see section on Quality of Water)* 

In some districts, ouch as near Wiser Lake, the fine-grained alluvial 

materials contain f&* rater-bearing strata. In such instances some 

residents have solved their problem by repeatedly getting down test veils 

until a satisfactory crater-becking sand stratum iras located.

L-.8
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Development of additional ground

So far as could be learned during this investigation there is at 

present no ground-Trater overdraft (withdrawal in excess of rechargs) in 

western Eihatcoia County.   Recharge to nearly all sqnii'erc is primarily by 

direct precipitation, and, inasmuch as the precipitation is moderately 

heavy (see pi. k), th<* recharge of most aquifers, especially those Trf.th 

permeable zones erbending to the surfaco, is in esc-sas of the present 

rato of use. However, i& caca of increased pur^psgc there are sooe ground- 

water zones that asigfct coffer overdrafts. /.^o:«.f-ovc rcat lit.iy to shor 

this effect ar<2 those having e. till csjppiiig tJ*:it eh«;is o:*f or perches 

tsuch of the prc;cipits.-t5.ori and x^on r.-hich the puling iri-tJidrea-al io 

continuous and conc©ntr£.'oed« The gravel aquifer beneath the fill at 

Ferndale may begin to shcra- overdraft if much greater vithdrcsrals ai*e oada 

from it. In the lower psrt of the slope that aquifer has water under 

oonfineaent ancjl overdraft may first be noticed by decline in water level 

in trslls in this aquifer along the upper slopes i?est of Ferndale.

Where the streaaa flowing from the outlets of an aquifer, such as 

represented by the floar of Larabse and Crystal Springs £roia the aquifer 

beneath the till north of King Mountain, is in use by game f ieh or 

appropriated under, surface-'seater rights downstream, the ground-vrater body 

requires supervision in order to protect prior rights and still to obtain 

the benefit of the Trater storage facilities of the aquifer.

ifost aquifers of the basin are now annually supplied in excess of 

their capacity to absorb arid store radr-r^a. :JO?.Q ground v;.-.».ter is avail 

able for dcvelcpi^nt. Iii an (:coy." dc c^rii'.s tho «.V^lc;^ji'iC of tlds 

resource is e-r.t.ircly- i-;vis:><s blr..

5-c
Us
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Wells dug or drilled to develop this additional water should be 

properly constructed* Whan proparly mads and finished, a wall nay 

have a useful life of at least $0 or 100 years, a period of beneficial 

use so great that slipshod methods and incomplete work that nay cause 

the loss of the well are entirely unnecessary. Wells tapping confined 

water should have a casing set at least down to the aquifer, trith a tight 

seal to the surrounding rails of the confining bod. A wall that taps 

two water-bearing strata having substantially different static heads will 

permit water to drain from one stratum into the other, T?hich may lower 

the yield of nearby veils drawing water from the drained stratum, and 

this point should be kept in Bind in constructing nesr walls. Manuals 

and books on proper rell construction are available in most public 

libraries and offices of county agricultural agents.

$0
Unpublished records 
subject to revision



^ 200
> 
u
_i
<
Ul
tf>

5
o |OO
-i
UJ

<
Ul

o 0

Ul
u.

Ul
_»
Ul

-200

  \ \ i»

PLATE-6

A'

39/1 -34E
-27LI 1

t» -o : 

* **' 

-V.'-
1*  "* *

" 7

- x 3^1-2681^
, 'V
\ 

\
V \

*cii«
=>;>'.  

: <=>:SS

* '    

122'

/

p^
rjrru;

d O '
» » ,

» _
  4

160'

\ 
\
\

\ \ 

\
V 
\ 
\ 
\

K/2.I9AI

-' O;*P

 _r-_-

i

1200' rH i
134'

89' LEGEND

Soil 

Till

Grovel 

S and 

ay

142*

m Cl

Index mop showing locations of wells that 
form section A-A1

18

19

30

31

6

7

17

20

29

32

5

8

16

21

1. O Tt n

28

y
4

T >O fcl, 3D IM.,

9

15

22

. , «.i t. . 

Cr*^

34

3

10

14

23

26

35

2

II

13

24^

25

36

1

12

18

. o 9 n 

30

31

6

., 3o l>

7

17

20

i     

29

32

5

- >   

8

Well section (based on drillers logs) across the 

Mountain View upland



Plate 7

A. View northwest from the southeast comer of sec. l 
T. 39 H., R. 1 E., showing husstaocl^ topography of the till 
mantled Mountain View upland.

E. Viesr southeast froia ^-ho nortlmest corner of eec. 10, 
T. 39 H., H. 3 I., eho^ing husanocky topography of the till- 
r-^ntlcd Sing rtoimtain upland.
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Plata 9

A* Exposure of
till along the northeast shore 
of Lalte Whatcoa in sec. 32, 
?. 38 H., R. U E.

B. Faco of gravol 
pit in the E&J sec. 21, 
T. 1|0 H., R. UK., showing 
character of recessional 
outsrash deposits.

If



Plata 7

1. Yiear northwest ftroia the southeast corner of see. l 
T. 39 H*, E. 1 E., showing huaraoclgr topography of the till 
mantlcd Mountain Viow tipland.

E. Viear southsast froa r-he nortli^est corner of eec. 10, 
T. 39 !l., H. 3 E., shcnring husscocky topography of the till- 

Siiig riountain upland.
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Plata 9

A. Exposure of glacial 
till along the nprtheast shora 
of Lake Whr,tcom in sec. 32, 
?. 38 H., R. h E.

.>  >T***\ 
 -* - _. *  

B. Fsco of gravol 
pit in the ESfJ sec. 21, 
T. ZjO H., R. £ £., shocdng 
character of recessional 
outirash deposits..



Plata 10

A. Vie*£ cast froa the southwest corner of ftec. 32, T. Ul H., 
R. U E,, ebculng late outc-ash channel. Gravel pit in foreground 
is in earlier outvrash naterials. Vedder arid Black Mountains in 
the background.

> -

B. ax-Jar north along the Ouida J'c:r.ldi^n Highway from 
jjt corner of sec. 2ii, T. 39 I?., R. 2 E.$ Ehcnsdng ridgo 
d of fossil-bearing till ard cL?7 ulth D^rgin^i out^ash 

channel slon£ south sido.
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ê 13

<r-

'i 3 j.r

H

r'

i

&

i

.[ P
j: -0

aa

analysis



ri

M

  J

§JJ

tt*

s')

Br

.-i

I
-P
C.»

i]
.o 

p
vl
ri

«3>

8t-2

«: o t: « -)
1

of

O
.}>

H0*

O
IsJ »_.,

"1 'o i i
V W « !

-'; M  . I

i . i

'-1 *

» *.

!1 <:^

~» '

g 9

C*

 *,* 
I '

Q'l S 
C ..«

<:   ./-* o

 S fJlq
,fi iS tj

o o o

CO 02

i

»
li n1 '*! U

N *

'.J 
i) 

. t

*j

W

oi>«4!

|J 0a

b

.P
F-l

' '

03

o

to

O 

O

'3
p? Oj

JX* O

£H 
  e-i

S3   C?
O tJ   »
O

.fe

3 * -P
dto

o to 

Q A

 ;1 «

record* evision

jj-;j M W

tn

r:^

* <t>o-
OQ tA

o
o

H
o

1

!?-
r * i rt

.. _t 
^

f "

r* -.- 

 '-* i
1-!

a

f-J C5' f- «

t
» Is

\ k
k*

r-l ;r1 '*»
\!j

  f i' I, > tj iv :*-> f ?* < JS k*1* *,'

J

Ei

CO

*o

i»

C> 
r-l

to

p

th

"

«CJ

a
r <~

2

£

c»a)

14

r?

O03 i'-\

-P

a s
cj
Tl

^

l-{

Q

03

 f-3 f > o

bO

^& *^*^ 
CQ O'J

a*

o



'C>

u

I- }

ri
. O 95 « >«
M o

a.
75 «»
53
8

q

 '-Mr U  ?;! jo if

,i::- -c'j i> j'4 ^
.-, O *«,( 'Vl .-, > »- * * i « f-. 1 i..' V i TV   VJ * 

(Ji

3

0!

nd *y O

,:i if K ';i Ji p' !S r  ** ^ iri '!) ?u """ *' ' 5-

"

V *

0

H
..» v»,

- 1

'"'

T1

31 /i$ -  ;,* ' '^
1 ^ X -^ I 'cl V* ''

:1 K»

*

,-
te

> - r; ?,
?7, v ci <7 rt J5 .a .^ .p f.,
-? -i"4 si"

47

 V.*

, "« *.

u
^- v

42

c?rl
"

*«»

P

s

.'

P * O * ' « - W *i'S

' * " ' ft |H

$3 fjf) 55 »

-^ 4 » I!T'A rft*. < - fe **T. A  «\   *'*  *  
P" i>J^ vj * ,  «. ..^     ! «  ^*

4;S *rt  * '#* *ii '^ <«',

***'»* , "*" u

< '    1> .*$' I vr 
f,tTi ^7% .;' > . O1 ' 
j--? i-I rl «  r»- ^  <i r*^*

vst< *« W     r£>   '-   '5 ' ' * jO C*^ 

7« -pn t*. fc.   /!
(?»- !»? < * i» * J »

i

1

f f& v 
^f 5
r*v

ri
 3 ^ ^ r> J -
«! o o >d >. q -Ir! <;' o %> *^  >:? *>i *  'J  : **i *u
j? i]

» ' ,;
i t ';!

0r-4

- 1,5
r "* " '»j»{ * » 

 1 f; ', t
fl> « '  '-   .;,! 

*ij .? -j   < «  ! « r
 ^ 4' '."i S   J":

r-;

5 » i.''|

r%

«
»i

<^ r^

:t

i   » .

^t

. >;. » * ft 

t. ' * ?*?
r ; r "J

i
  ?i '"i « f.7

i".1

i * r"-, .

 t .V *   :'f

r *  »«*

* , I r»>

 1' '?' . i

v J§  =. ' ^«/

w ^ ^ T

 

  r   »

tft

(."4 IH a w '

* --^ «
«i «  *

    t

« . i (? > i>ft i
*; »

»!".

-i 'i- r 4?

& '5> « ^ 
*   / *4 CT? X**i

, i '  «- o - C' ; 
«o t:- j

S
i" i

!
  rt , t

i 1 : i
« u

<> c.

Ci

: ?
V A

 ! "S. 
t-t-)

,i
ri <«
H

1 * - 4 '* -'   *

f,^ * '* '.it

lit s~
1*3  *' i 2*

^ C? ' f'4 
 *< :. w
,vj > n'' ,#

i #  ' i   . i \ . j> r; 4i .( §i
' </ U.^ ft' . i ' 'J ?

i * * : i
*> \ *' ' *"' '*"« I1* < <  i'C v

C ." r> ,J 
1 ' ' ji ' ^ t 1 i' '

 * r-i

 A

J, 1 ta

n



\'*
/ 

>
 **/ 

~* ~- 
\ 3

?
 

\*?
/ 

V
-'if 

^k^*1/ 
'. 

' f 
\ ̂

J
 

^
?

t 
' '''-

f "i/V
»

\--w
/

/-
r
-
n
 

\  
 
 /

(1
2

)
tit)
\
 
 -»

/
/7

/.\
%

  -v
>

(1
*S

\ 
/-. 

v
  » * 

*~ ,AV 
(1

f\ 
'- » 

*
  * *

- 
.

(13)

o
U IICO 

D
p

»T "t
> 

 

210 
2 

b
asa, 

fin
e

 till

H*
 

J 
^
r

« 
« 

 

. 
» 

« 
.

to &2.T3
.ens per racato

j ae« 
see tab

le 2 Jtor lo
g

,

S
^id to

 be lr^t!"^i.dt/^ in

50 
7.

^ 
193

<!-i; 
c
 «»,. ? 

_« »
*
 
' 
 
 
' 

' 
S

133

S
tar. 

1

J

*%

E
,

i-
 3

 
«
r

# 
  

« 
 

. 
, 

,
2spcr?fr3d to Ssa-73 jrlcldcd 1? 
gslloija pcs* sEj.iKi'fce t?ith 8 
;>-3*« c<* d

---^
-".^

 
coo tabl« 

5 far lo
g
.

;U

o
-=- -

?3 
. 

, 
. 

, 
S

-n
d

 T
:lt

.
.
.

do.

d
o

.

C
O

.

15.9 
A

u». 1. 1947 
P

, 
3 

D
, S

1-3.5 
JT

2
>

2
S

.!9
4
7
 

p
, 

3

12.9 
lu

.'. 1, 194?

6.1 
A

ug* 2
, 1947 

?
,

&

35 
3,0

rcrpas'-^d, co fcavs clig
it

, 
. 

^ 
* 

^
v
r
 rqpcrli'"5 

to contain

ted to
 hava

D
, 

S 
. 

. 
  

. 
. 

D
o.

s
X

j

iron
,

joe^ to



o</

&

M caV. I --"^

M..J-*
Q O
0 ,1 
<D 0'« h1

Ishcd records & to reriaion

'
'

: > '* » . » i
0 . . , . i

         ->.' - ; ,, K-; t - ) i ?
i» ^ ' j r ' , , * > '- ..' '-: f;i «     ",

' ' S

*'  ."  »

'
fi > i'0 > -. . ; j ,» < 
j* ; =.   o* t t '>
M ^- *£' *' ' \ J ' \ ' <. '^ .> 5 ' \  .*

it j

fj   * , : *   1 »
. i t. . , J

i J * '
' ' 1 ' '  ! \ *.   t > ~ v- V

 3 v -J . .' .   ». 
« *

'   » 
   -J

 ' - ">
 ^ * 

* * ;,J r j
' ' -*  : f O C t »   ^ '.t v , * \i'- j. .

*   » 

'   *
* > »: m *   .  * »

»   .«» .»*  : . ,  -j .,
« -  ». > v. .

  ; *| : : f ,5 4, »' 4
^ ?. P. - . i> i* . :. !'* . IS . ^
 -* c r> :< <  . ,1,

r f'

*   , v    ',  *
1 ' 3

. i ' »."  
'

  

1

'» ^ J'- ^ ^ » ' J
v* ^ 0 O l~

  * -  > « ;*;. >
w r.'. » j LI <i , -

c - - : -: o . ! : S':ft'-
'*   '   l-i * i : u: .vi ->? ) * ( vi

N r *  -I- , . ? ;
;-' r-' t v J j {r

* * ,*«. » ** *«!

  ' -2 -"  £ . ! «'k >     ^ c*
J   i> ^ - 1 .f, ,*

* *  » * * r -C! *
j *..   !

V 'J   'ft
+ *  , ' »; . ; ^5 ^»

» %} .  

- *T- t "C H' ;   "5 «xf 'S- : e^ f,\ *T: .
» *  > * .    * ^ *

v.0 u if* C' i . *.. \j V- * ^ " C'
c.

« v. ' c» t- t    «vj -j -.3 : x-jw ir     ^ ^»
' '  !?i^

*    » ».'.' v fc»- ~.e '
c-   i* v;- K .N

      * *   ;. » '* < vrt , <^j u - O

*   *>»»"«. ^ , .
v 1 * Cfs M ?>T' V«

    * v * » t:-. in , ^ W t>

  "^ «-?. s. r .=4 f,j . t» >   
P '-? ;"> f? ii ** a i-  :;  ; a ^p ,, M . M C« t-> - o v ^r .^ !i ! 1s" ^ >   ' : ,  * H *» l   w o -   », 4 ^ >t » *? s & ? . i^ |.j , j.^* ,j
; ; '^ ir * *. JJ *9 ;   **. ,-i- 4 (y ;.. \l  
 J 1*» »>'»- »   » <a lit* ^ ,-; f-* > r < '-:  ,  * ?2 . i ^^  ? « ?   & Uo
> « > '3 r-« fl (^ '5 . < i;- w . »J f'« \

  H s^? - " i- r "'^ ^ - f " i:"' " ^M 5 B . J- r J ? ? i:: ^" <* * ^ '"   - t,
<^ O w 'i t-, c." *" <- j !. i? 
0 & ^ a; f. o ,-. ^ S S y  {%',. j f-- 
(*> * £ :; * '> £;- U ,;;   o o O O ;.-. ^ >- ;

. '-1 - v *. *U ;-i '"g ci v;-. O
S" « u K y s vv ^ ^ u - < u° f? »J ° C 1 O «* I"« c> <\  *. «j  
S* & ^ ^ Cl' &' ** O t3 } ! !..' C3 »CJ
fl> P-a® « g P.^ - Ulj ^.u
J3» cj- P t? tl> « ^« <*
3 ° -. *» ** o" c*S
g *» » O  *  tl p»

* S* lj g"- gBaa . ^« . *5

i

 :,
*^.?,>
-».'

..-
v>
*.v<-

f

i\-
!

I XI
1 **.-

i 1 ' 
1 r--  .  '

 -X

%»' 

«"1k

_<;v

!.'

 *  -. 
VI
>- *'

a"  
: 

i
!

  - -^

> '
K'

ii«, *

,» >, »^»
\0

s"~

P

   » -Jl
M
\,i>*. -

^->v
}«t
i  
V^r

H'

*J
V,-»

v r.

/ '' SJ-'
u

-

£
H
>S

f,j
«

1

S'
£>
CJ*
P-
L^,.

1^
W
fe4>

  %T
r tC

£»

 

 

i

,



V 9

>

ft

? £t
 " l**y

V % 
.T* O

; S ITTI f

i-r y*«

rj
*."* J3*

?a*tS
3' *"4
4 O P»8

^i» ^J

§&

:« »    < { * |.   ji - * ,»« ;.j s-t ?-' t"* $** t-* f-
»£> £> O *-f i v;) * ^ ' V 3 <* : CO O CN ' '-.ft J". 
5.1; JTl -it f! j-T-l f/ ^ |* 4i J-J ^ Sd . £4 jfKj

» 3 * v .*» * * -. ^',* tf"J ' "* * * :N W
r P, 'r* * .:**     '-^, * ^jij '3 »
j-v «i '/J «rj .'[ <«, , £f c-i « ' fc-»

* ** ^^ *'jj L r   iTl M

n  * -'! V- r* £ t"1 US /s i-v >_4 . -« i- 1 t '   .' . , :., »« ..«. r* '^ KJ v3 . .J J..J I...1 I J Y x| i t3 M O t» ' « r>i

Q ' ° u t-i '  A bl *  S '*'  ]
<. " O U 0 Ll r^ ',-» t;
Vji "*! rtf «*  ! "   .«> f>
t .' C * " **t
C, H-

v*~" C\* C**

&*

rjh '$ CO O> T/J 1 0 Ct Cl C/3 % to C»>
ix    e>

j- ' «« \~» «-i f . i ^j X' J«> ».,» JO ?v5
 io  {* i *% i"i* i'^ "v* t!x , ^») ^J*1 Vi1 "1 &? ^" '"* ^P
'^ J ° *"* ° -^ ^ *^ ^' *"* ^ ^> -> CJ

«:? -s M w »ri f.» '- i.J «.» . M W « w ttJ
n*  / :-f K *-J xxt » «; C* CO C ll i5 j^ 0-i

\d -" * 1  * '*  i -*
O o C*i Oj ^' **"* -H" '»> ?:,' H <!> I"* jv> I** 
O 5 *,» -'.i C- 4*- O v» O vj» !v> -*.;

c, b   I*

!**"' t-ji '^.* KI i\» ..CI t^

O Vi O Oi -i -'f \»> * * H H
C O t£ <J (A C ^> -   «    */i «

M » « . "  
^>» ^> I.N. /V. J>.) tj ^,j J.^

P V ^? .^> Cv) l- ? O   <>.     . 
H .. * . frr H-

JV5 - « <t «   *
S" § ^ £.; ** ..^ ^ ..^

CO O fO V* .; !>} ?/J Cf3 TO CO 
O h I"1 ci' Ji  *!   V- « *  i1' P> i?1"1 T1» j f. 1 f». -j c>  ; :  £ h» b f5
[^ 2, fb ii J;« M :^ 1 |:, i- p, ft.  :;,   & v*

«- o o p4 c {-* ^ . «* » o
r^j '   . «4» .; * j^'   £i »O

y * *j (T* i"**

* *fl' 5' 5 r ^
CL, **^ f * *

P i Pv

d iJ O ij O
*   <  ! ?

O» a. 't» p» f j cr o ! > ft 4 o< >-% c» 'X c\
* < * * *">->  i> \' « >f * . »

h1 'A j: . *" «

O  .
1 T»   *« *UJ V!l N^ \*' r-* J"1 
&D   ^» Vjl ViJ v^ *C> «^ % «P*  ?  . C't

*' *   t-* i- ^- 1 "<J *w

T: 9 *? ?* *r
l«1 t-' t»J CQ *^1

'o H * F- * r ;
(l> ,1* t/* p. v,j « \c H f« f* !'" A3 » t>
o .  >» o c \>» *:> c <:> t-* »

 »   *   ' .j"- » » 
? ,. {J . {-J f+*

.5? ^5 *3 *»!

fej ^ i^ ! '.! ! *' <-4 *ll *U *U ''O *"SJ ^w
* »# »  U V - . > 

^ ' u' c-> v< ^ *" ^  - v ;vv'--

a r -.i Mr j u « & w -i tr
*£ t>   V  >! to < 

r ^ , F *

  -"J « J-'e    *»   * »

.  £ . xci . _

*    « 1 » » »  
o v-»

*rf « V. . * - "

tej  « ii f,   t.^ n »iV : ? -.4 1

q* * ? cj w -t| !  I *''"]' «.. *5 ;:*/.+ ji ,!. 3-j .,-. 
rJ .-ji <   r- cu =:  v'-/- i^ w o >.
H* "^ X J !»*; t^ , { j ' '*   ' .'- .   - J   : t T j
Ci w   v) » f ' I-' J
?: <»   I.   '
< : S3 * c : i i-.
^- b* / .* j.
!** la ' *» f-?, ii ; ;   e t- .
/ 0 » 'J '

$> '1 H^ ' " ""
    "*" fr~'>   < .T   i   *

O* G C- t   ) * ' s   '"'T
O »: v; f : .' . S ' r.* ^' P tr v'
^J {-1 ^J- ._f*j ^-_»   ^ v i* O" "il '  '* ' i* «'* 3
to t* V"J * W ^*b ' ** * *^   cll   B

Q O *^ > > ' ' I * «*" W  ' O
  tj i » H* £!b >^

 3^ 4T^ ^3 V*^ *

^ S H

,4 i-1 (^

3 H "

V H' **
2  * "*
-* ?tl W  

' 1 
to tj t-' -^
^ 8   34
  3 JJ«

1 M
 ^ ! -J

~* «0
.-a
"j

{,., H* ?
t *ijj *vJ I» 
 ( \j*i «^3 ^ '*

*?   V^i V/t f J

" v !-''«

H W
i> ti

rc M |.^ w

 1-^ O

*
^

V

Uk

J Ot

*' 8i P. «
«

!/!
ts
0

r̂i
f>

*\ p. o
a ? ii

1

*

Ci

f^»
S *

vT.»
m 4

»-.'-
^>' -

  -s-'

, k '0
'*

s
T i;* ' W

** '*
r/ ci»

* ^
* 4

U *

* *

**»>.1-

^c'

^_  
^c

I
VA*

S

-

**
ot

^ ^

if

^ >
K

 r"«.

H

?

*!-'

\jC^.,
*' :

ff

\T
* 

""

v«

  "

;l

*?
t f

£ 
E
O
c
&
c>

fl'

( '

^

.-

C':

i

i V

: i f
. '  

i ^ |:1  .!.;  (> '   f <J
  « I I*! 1- 5'/« ' lit' 1 J i ;

*N *t.   '^ 'S

. ' r«*. c- c**
t;' » t-j ft> FJ*
|*f» C' ^fi jp l«

ep- e>lii-

11
V f . j

' ,

j ' »



rf

1 t ,
* k

a,
4

, 1 JV
o  J

JJ

i  f *>' 

Oi

7
 

h1
*">.!

11 V*

i O

..,
*.***

  $ vO

f )'!

.'>" g.
« 

?-* >

1 i' !;** 
7 T* 1 f. r'

* - *"» 
i; f .* !l

l 'l < ^ ^ !<v 
> ? !;''

!*
K,

rc ' * ?/ - * ;- «    - *{ .
;i' .* C I O  

1

  »-i / -   - «,
! ' r fj.J

*   I <"' 
f lj

 .

w

-.,
to*.-

£+ 
  -

j * > r   i   *j*
.» : <",F»

: '

, - -. i vV
.?- * .v" C'V

« * +

» <*.' i ;

^^f.  * '
s
»"*»
-.7
*"*"

i
< «   « *  «
* ""i t- '  

» t . *     '
¥ *' ~ ' '

' r-

' i ; ' f  5   -, !.
'.? "^ i.*'

'f i

'"".

;3

-**

V

|
r/'

p

i

.,

(.'

r^ w   i j ^
O O «' V - ' i »**

» * < * * *
'.v   1 »/- *Cl *^J

1
S." 1 i T j . i *" I C«
C ?5 - J r el

- .«.-.'!. . f J { » P*

f t . l^ J-

' ^>f*

t1** *^ * »> "S ly$ J-
M ] * ^ " W (» '
*- " " **

*£   J o
;. '* -^»"
^ 'X: *-J * 1 > "I

? -    - v -
s V \n j. *o* >«  {-, es -.
i ' --5 o ;-.
ii

s

«!» Ct
g-«
W»  :!
rn o1§.£
«i--cr
O A s ^
C Hs oH- 0

&a
S& 1

1 3 ' < fri . il .i * .«    H *  ' 
' » > C ' ff «. I "» V ' V.J -U '.» , 'J ^

W «, » 3 '  * V.rf KJ 
l-l g

*   ' *
 ^ fc ''5 vO 4-'4 *- O 1 
 * \ .1 *  > V« O - ci C-

. V * "
. \ t V,1 *   J*  

1 ; , : C

iSHf ^fr^^l
li) ' I t'l' 13 1", *}i *3 i? : vr** < *^ ^** * ' *

(T»Ti ^\ i / *** *^* *** (Sr c 4 «   »-   c"  ' <  " p,
<~ *V' J 0 't 43 -

"* i j tf - - ! :3 jl K r  
o <;  *'' r   5 ^ v ! .
<> EL !*  i: , ,5 fj S . >'* , ^*-   ** 
v:- ^ ' ?.- ca « v- ":  *f' o I- 1  -' ii r* ~
  r   »^ Ji L>. .V -fl^ O «»!'   "- * C"
I*-1 1 1 ijy e* * p. vj c  

I-J f,t C^*,C ^-^

p I |! F

'*%,   t:  ;<»j*.

i  ' i
4h«J

v.5 ?-.
ii' . -lw> : J

, ' £' ^*- *1 J
<!*

 "' W a* V*

(_' '.  1C
.  *

. :  s& 4.

«

. -? ts
* 

* t t

it S- ' R t
i : f-/, f1i ' * / (*

V

1 f
1 t

i' -

L

f' ^
*' t?
c/ ts£' **

J -Ji> -l/J '..!.'- '
v 'JJ

* v>
J.V.J . t

*

£ j»*

f>» i"J

f) w

«

^

O ^J
w
J^t . OJ* i 1

f J
f J>

**.**

?

|'""*  1
! <> '.

***- ' ^

i
i.** 

 ̂->« 
j i

  '»,
I*'

'*  ^ V-^cj -' : J *^

I S !

1»( " , '. .

re? *  {>

S«
^*»i ?)

'  95 eu8 "''
C . *"j

B « ,
 <* O

*  

4»3

« 
fi

.<3'

**"*'

c"1 *
» **""
«';-



"8

I 
«O
  * 
H

5 I

'-, I

H

3

*-»  
!3'

O

'£>

f> J3
?r: H r

CM

 : * ' -
ft «>r"-

o
3

3

.3

9

f.f

x-

» .

s.'

-:   . -3 
r? i'J

.0C?
fct

13

s*.'

* i w
> '

CV

« J *"»
< * C.A
Cl C!

Pi
w

;X O O'.i

'.J
* 

ri

-J

w

g
P

f<5
r<

ct
f.

C»
t !

C I

,> '1

>. 3 
< . 
41

- 
o

. 
C,

tp te J \ jf &

[ " * **^ <**  v? l>*
V'  }'* u* t£  » « f* t j <j>

* i 5 ,''; # 5]
-, « « S ^ J o'k .  y

'! ':} c" **  1 ^

 1 o i * r<  »*   
  "«5 ' Q

 » £-' ' '"' l-
?2 *"> bl-

§
*** o J'' &

frS * ^

, ;j | ^ ||j ';'

  1;^ f

t   *

CfJ l>

*t

r-l % r'i

r> C -; -CJ «-*
'' **

r

; i ^
.: ;3 C^ ! -, i -: ^

P.- ' "
\  « *
f :4

s *\ !

o ". -...'-s - »   c -i ^»

v ^
» : *

  *" ' .; - ':}
h ';> ^

* « % , - £{
«   *  

»       - o
  « «

  !,1 < . , * Q

- :\ *       ^

^ * t'"V

m to r* '*? .'J« ^»» jV . ?, (^|J

H« S^ !;') ' *-j 'HI 0
,^ a. « r^ ^» f-»

i'71 i-'Ht* rl t* b tj

ri; j ^»  '! O «i ' )

: " \ , -f -J -t **

ojl * c   ^
fe Jisi *t ' *^  '

' '. ^ I "? *"J
i* c u b

" J ' r H H 
* f. , O ' *-.{

f 1
el 'J fe
^ ^
,5 £
^ ..j,

 ; -
j^

s

<

66



G

I 1 J h
 - J *,'.!

C:
ZO » . .J j j«*

I/ i* - . J ! ;'  * J:'
4 : ' 3 . . <^'
 *   / . : r«f̂    - hp. ;  < '.* *~

i *3  * }'  >  "*   J ' §
p ,d» . » .: :« -i i.   » [ . > *

' ' » t  * '  ' m

\ H J ' ;;t t?

(s- i

i

1 " r» r-j» * i < w*! i u <?»
' * »> < t / ;  ... , «i*

1 o/ H* « r" LI H 
0- V)i <$

! *T t-i ,1 * - K> 
U. »3  ! '.' ti : .

i

; *s 't V* ~*  -'  J-'*
7 »

U, %

'  .> O ^ ?*> ' - '   >- T «?* 
I

M
* *» * > (VS

1   - f,i * . > . «  * 
«i - - ":  
 J: . . . - VS

. * * * * * * :

C/5 "' r?

'' * " c."
  *   *

Q* v i

-I

|?

:a * * -a* l/ o ',' . b* 
H , . . . . '-'-,. -. > -.!*' 
t-1*

r*
j -,.«  H

v>   o
b r  * "

'fT V M J 1
'- i * :' '. I

' f J"' , Vii 
 ^    *   "i* * " + ".'' , J**
*  

1 J-1 . ;;J  ;'
i 4- w "  '"  '- 

<> .3 1

trf G«^ *t *t 'ft ' ' *"
,  » «  »  <  s» v

O Qs J " - !  ' ' V*«

*v? tJ _ 4*1 v   I
  .      - 1  »  

I;Q rn j» '* M < <

s
  H  :-».-

o .-> *'
P Vi - .. i .     , .

,

  t^J 1  '

H ^   0a
\

"J 'V >-*

' 1 gif :"    "
i >-j

C" I- 1* ^ J ~ ' r\
f ci* - (i  ' e   l<3 -r *

Ci CJ § ^' f> '-^

i^*' '?5 t"^ '"j> - '

c.. g. ^ ji H" »-j * 
y*i t-J * *"J ^"* t »
«> P- '' c* «".'  C ; l

ri £i O 'ti » : i 
,*> tf cV fci .''iVf
o tn fc " P h^ * ' '' * ' * 
v S, Q O tt ** /  o K

** % &    t^ i fi: <*
  *a *>  Ci ct" fl1 5   ' i
?  g O g- Hj tv J' ^

O P.   ^^^ S ^ 
B » ®

K>f * !--* 1^

E:   a ^ ' | ^

r*   t* ^ <4? «  
''< ' c"' '* k . fr-ijr; -.1 t fc1 *o ^ -3 * r ci,

.[ ** >' :"# L"* <0 12)
' (-» ' , ' >J   O & p

*j tn . \\ Jj & n:
^> >* i*1i  *
*  * r*

j. ^ ^ F*
U <- ' Kr>

jyi
^

.CA > «  :B c: a I*.': 
* r ff *'' - ; , t v »^ ^|W J*.* j-j.

v .1 ^» "> Vt O n

(Li 
1" - 1 »"*i ^r^ 
{?   o; iU i<i *

P

Vw^

g

  -i.
fv'

, . W

l-f  *  :*^5 . o ' 2^ a*"'

tf

^-*

i^

<A
|^." ' . I "* ^ O *  «*t!

» L^

0 >  » !. * ** ' w*

M . 1 
, v,si !to

4 O -1  

f3 I* *
.»*v
vj*>
ts.-*

*i» ** * J
S"<i i^'1

If ii B
It* * i-i ' ^3>< i

ct i'P
y !s

»*- t . ^\ n*» * ' * v^ « kJ
6 |- P- . , , , r- * H

' !  « ! * 
vl

_
 * *

v } , J: -   ^
e»

!.;
»* * * A*1
^1 '   "? »   «,? i"^

»   f*"'

 O O>   !

P;l £'!
t« ^ .... ^
M -^ v > « ^ ^ « r\> i*^
$ - ?* 

t̂vf

1. 1 ».»
xf'l V'>  £ ^-.3

 VJ '^
w  » w

V-> VA

M : t-i tj
- * V

L . f ' l/. C-1T

, 4 .

*   r »

* »  

* * «

  : ( <i * ?

< >J jy 1 r i ^'^ ^t r n  » '   *- * i   s.- >.> «.»
: <*. !'-  -' ' (. ' ' M? ""i

f

,*~+  

'C

*"*'

>-*

VJX

>***

 ^  

;-/ **:'
 sj
 *t*

!
«" * », »' ^ - * f ; . {
I,. r1 > «  . t ': <   l.J I

j 1 ; * J £

<j f J * t'i 1 C> }
I r't , . | ' . « f.-. j-» 

f , . ' . .   t* 1H 
1* ' J> r - , f^>
 'It.- lr «- rJ- t^.-
Of 11 .'-,'.  <!  '"^ I"' f 
I-1 f * r-« -   t " . f j I''* <   '"' ;-/ > * ^- ^i.! iJ a

0 /^ '4 5 i-- c : ?»« fe1 ^ fy
«) i'l " \ |» ?.*  *-l r<; _. 0 t> 
o (J» o :  1   ft * b cr «3 *4
Jj i"t >^ O J3 M O gjj ^3 O

f J  'A *53 W" i )    ' ^3 51 f "

1} H1 ^ n b e> r> ci
^ d !i a I £ 

ii

»-3fi fe1
H

O
O

c«>

1
CO
{ «»

s

~

'



1*- C
ontinued.

rC

(1)

1303

1551

isa
rsm
1SS3

n rT3

16353.

3021 

2232

2sa

(2) 
(3) 

(4)

?
t 40 ;J., R

.J5 E
.- C

ontinual.

U
. S

tirltedburg 
Sfc 90 

I)?

w
ii. R

ipperda- 
S

t 100 
£
r. 

D
o. 

&
t 100 

I>g

F
yed E

ricsson 
S* A

2? 
M

 

J
. H

pciloca 
S

t 125 
BS

J» L
. Va?.i ft&

saua 
S

t 115 
%

C:»1rr n
f .r^cl** 

S
t 3.00 

DT*
V

 
' 

tt

Bo«* 
t?£ 105 

S1711

X
f.ftf*

 
V

'.-. j«f *
,.._

«
<

 
C

JA
 

,£
jA

 
T?<7»

.IffO
ffit-S 

O
T« 

«1J. v
 

*''2

O
PS. Fra&

L
er 

S
t 110 

Eg 

G
it1"1 oi£ LC?iidc~ 

/.^ i.O
^ 

2^* 

»'>oH*7 i.V<»fv5/) 
Fn 

55 
J^^

G
rts7»r>4 -^ 

T T>rv)^ii(*»i<»» 
P

n
 

^51 
T}r» 

v
  * . -*  

 -.«
 *

.. .r^-*«. 
.^

 
>

^
 

-io

K
icodore S

aith 
3?p 55 

2g 

?aal V
an 

C
ylten 

Fp 60 
Bii

H
airy Slotaruak^r 

S
t 70 

Dg

(5) 
(6) 

(7) 
(8)

225 
4 

225 
iB

O
 

2651
0
.6

 
S'3 

.. 
. 

. 
.

33 .7 
IB

 
. 

, 
« 

 

63 
10 

63 
16

36 
26 

36 
S

v
j 4

 » c 
o

c
«<

"? 
J?*

' 
« 

« 
r 

 

r
tn

 
*» *  »

2"0 
. 

. 
.
.
.
.

14 C8 
24 

f 
.

^0 
^ 

TR
» «>  «  

   
- 

« 
  * *

6 
. 

  
. 

. 
1£

16 
36 

. 
. 

- 
3*

(9) 
(10)

45 
Sand, lira

. 
. 

Siir* sand I^yei*
 J

    *
 

C
*
 «W

kW
 

v

. 
. 

d
o
.

do.

52 
do .

34 
do .

seas in
 cley

, 
, 

Sand (?)

. 
. 

Sand

  
» 

. 
* 

.

. 
, 

Sand. fin
e, 

and 
f-^avw

.

, 
. 

S-sr^ ar/l g
r^rel 

5* 
do. 

, 
. 

Sand, fin
s

U
 

O
niTd.

(11)

poci'inea 

d
o

.

U
ncoaT

iiud

0
0

.

do.

do.

d
o

.

d
o
.

C w<^. V .-I

do.

do.

6

U
ncosfinr;!

do.

dc-.

do

(12)

« 

" (

7
0

j

4.5

21.0 

14.4

18.5

12.7

164
.0

6.1

7.0

3.5 

1
.8

12 J2

(13)

Ju
ly

 12, 194^ 

1947

July 12. 
1943 

July 9, 
1943

do.

F
eb. 12 f 1947

J:a
. 1947

J
^

r 13, 1943

A
us, 27, 1947

"do. 

. 
» 

. 

July 13, 194S

^d
o
. 

  
.
.
.

Ju
ly

 20, 1943

(U
)

14*»

?
, 

P
,

J
,

CCPI??i; 

?
*

ri 
* 

t

P
,

J
>

4 S1148 «*S410

(15)

HK

. 
DD

. S 

D
, 

PS

XIS
, 

0

PSD
, S 

.

«D B B
, 5

S 
'.

o, s 

SD
, S

(16) 
(17)

A
 r^ '" 

f^ t*1 *\ V* c**^ » 
* ^* " 

fc 
. 

. 
. 

M
*U

T\«*«** 4» J
H

 «
»
*
  

*r

S
^, .« 

.* 
.». 

. 
-.. 

_ 
V

 
4

.'  ltd
 

W
 v

 
«J t=

 
L

;

»- 
r 

» 
»

. , 
. 

. 
, 

S
u

p
p

lies TT^t

  
  

   
«

See ta
b
le

 2

» 
  

4 
 

'  . 
l t ' 

»
 

' » 
«
 

«

  
* 

.
4

U
s)

aicr caid to be

^
O

f ad
o

s-at.

cr for store,
,ticn and 2 hose;

 

fo
r lo

g
.

. 
. 

* 
.

. 
. 

. 
. 

;~r/tG? c
e
il tc bo o

aliao
.

.Tatez1 said
 £o liave high iroi 

56r*t-c!it; £cr.;i£c£* reported 1 
be o

rerlsln
 by blue cley

. 
. 

. 
-S^JLd to bo barely adequate 

in 077 season.

. 
, 

7
atcr reported to

 have high 
iron context.

55 
17 

S
sid to

 be i
??f~v~ 

5 C
SSO

C
  s£doquat9 in

U
npolished record* 

subject to revision



»

.

i"i
.«

«
w
 

H

H

Jl

$>

-.*^  

£*

ci
^*Xtt
o

."  V

H  ~ .

' s.>

.->
f* I
H,#

^

cl

/ "%

ci

J  V
or-t

^»^*

^ N

L

C3

s?**

\jT(

 W

Q

T'

t?***

3

drj
£

1i 
 IT
f: *
Cj P
.sl t;
as Cei

. t? T{

|1 Cl>

«; t>

o a

a r>
i-l

'  \O ''

*

bl

o ri

9

w <c

If **

* V

«r * 

« «
CV »«-

 r

t-3. .C
o *^c £

6

f^i &
" f JC C^

i> f&

' £

-
*

Si* £r»

tf » v(«
Ap* t

S A

*j CO
 8 '"
£< O O

O CO CJ
CJ

t*3

b* « t CJ (j
S3  >> ^:-»

R f'c 0

* <} M f* u   f;
t"4 'j
O {i*

ri fti
4.* C) 
OJ C5

J&   I
ft o -i

* o ° c{
.  » 41

 y {>

# ^
*c«   » ' . ' J

i V  f. '' -  

  1;J ^
o *j '/ *,

:   "A \- 5
t .Jrlr>

}j 5: - ;

  < » * « *
.

«i\ 4*1

# » *

  0 ->

*1 t r.  

&\ ^ *A

*r -;; ^ i.. <>; >*
-\ ^ * *?

£   *  » * * ^J)

C*» * ''.' 4* * * O
H 'w r-l

''» * ' , 1"*
e

C :r.   f>

p « -'i *n.   (.5 
»     *

rS

( * ' ~1
 rl '.'

v * *  » » 1

  « - O r * M
C

 r r?

rj

  ) {-
:* »

r, J *   *   ; 

l-<
tii * * J...J * * .J;

ft> T

» -j 4 » j£. < » r.'

4 S «:;.  
  , » « < '* C1"',

  * -   *  

* » * <r * M !"* 

<7

1 A v» V';> <p *.' ', VT; ''*^ -C-

55 u " a ii,-lS ;3

f^ r ^ft *S - 
Gk «-. M t-l £<

< } Q
o o o 02 ;;. <^ c>

tO CC t'» i f/J ^5 t3 *3*

^ d M s»! - r^ ^> ***! . *« t.^ ' * j«f § r . *^ . .4

&i ^<> 'M -^ *^ **

^ 4 n <»>   ri * " ; i *
fj  » ^J nt  ; -*j f? <* -'.   * «    <3 *
£} i''i «j tfj ., us 't;

*~J ', * *! e*'J f"4    ** ' J**^ 3*1 
]£ OS «v] q ' ^ :.» 
- p rj H Ct.  /

S i!  )"* Kl
cl C»
S ta

 V* 

< *
f '

^
_, 1

:V-*

* r
c'*.

0i
*

V2
«   

CJ i.

sr » >
*t *.  

«
r

 '

* «J *
*J

M 1

m .
r

%^* *

c « {

'£

t
 r i 
£,- 1 " «

C> < j "  
C* »
t\ -1

t;c»

l\ .
V~i >"i

"Y ** *
n , ,

rft| j i * *

1! 5;' '»
j, . * « »

s   * * *
* *   * * » * *

O *   *«.'

S> - ''t ?J S:

*  , *V^ ' ' 1 ' ~» * i

<v% -*> 1 S O
CM rf   . :i o:
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Water table contour (contours on top 
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  datum is mean sea level j contour 

interval is 10 feet)

Altitude above or below mean sea level 
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Alluvium
(Clay, silt, peat, sand and gravel| 
coarse-grained members yield mod 
erately large quantities of ground 
water. Water generally contains iron.)
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Recessional outwaah of the
Vashon glaciation 

(Sand, clay, silt, and gravel; de 
posited by outwash streams from the 
retreating ice of the latest 
glaciation. In places mantled by 
Recent alluvium. Coarse-grained 
members yield moderately large 
quantities of ground water. Water 
in many places contains iron.
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Till of the Vashon glaciation 
(Gray, blue, hard, intimate mixture 
of clay, silt, sand, and gravel that 
is principally a gro'ind-moraine 
deposit from 1 to 50 feet in thickness, 
Essentially impervious, but in most 
places the soil zone at surface yields 
small quantities of perched ground 
water.)
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Advance outwash of the Vashon 
gleciation and pre-Vashon (.7) 
Pleistocene deposits, uadifferentiated 

(Silt, sand, and gravel deposits laid 
down in front of the advancing Vashon 
ice. Includes olda: (?) fossil-bearing 
clay. Coarse-grained members yield 
moderately large quantities of ground 
water where below level of the regional 
water table.)
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Tertiary ssdimentary rocks 
(Series of sandstones, shales, con 
glomerates, and coal, up to 10,000* 
feet in thickness. Deposited as con 
tinental sediments. In most places is 
mantled with a cover of glacial material. 
Yields saline or mineralized ground 
water, email yields of potable water are 
obtained where salinity ha* b*«n 
flushed out by ground water circulation.)
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Pre-Tertiary rocke, undifferentiat«d 
(Metamorphosed sedimentary and igneous 
rocks. Tield little or no ground water.)
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